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8 Abslract 

9 The study objective is evaluation of a benchmark approach for predicting mainstream smoke constituent machine-yields for 
10 conventional cigarette brands from worldwide markets. Results for ISO smoke yields support the validity of benchmarking when 
I 1 brands, for which yields are to be predicted, have design characteristics within boundaries established by the exploratory brands. 

12 Yields of ISO-method mainstream smoke constituents were generally well described by weighted least squares regression lela- 

13 tionships with ISO tar (/?- > 0.80 and coefficient p values <0.05), The impact of the varied chemical composition of cigarette to- 

14 baccos from different regions on smoke constituent yields was recognized. Mainstream smoke nitrogen oxidc.s and tobacco-specific 

15 nittosamine (TSNA) yield prediction reliicionships improved by including tobacco nitrate or TSNA concentration factors in re- 

16 spective independent parameters. For carbon-fiUer brands, inclusion of a carbon factor improved the predicting relationships for 

17 several vapor-phase constituents. Relationships were validated with a subset of additional validation brands. Greater than 90% of 

18 the validation brands' smoke clieinisfry yields were within the 95“/i. prediction intervals. Average differences between measured and 

19 predicted yields were generally within the range of one to two measurement standard deviations. The estimation methods proposed 

20 relate to machine-smoking conditions and are not intended to reflect the actual exposui e of any given consumer to smoke con- 

21 stituenls. 

22 © 2003 Published by Elsevier Inc, 

23 Keywords: BcncliinarkinB; Prediction rclation.^hips; Prediciion intervals: Maiiistreiim smoke consiiliients; Smoke yield viiriatieui 


24 1. Iiitroduction 

25 The goal of this work is to describe the results of 

26 statistical methods for estimating the deliveries of a 

27 variety o,f mainstream cigarette-smoke constituents 

28 generated under International Organization for Stan- 

29 dardization (ISO)' machine-smoking conditions. The 

30 cigarette brands were from worldwide markets. In future 
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reports, results will be presented for estimating smoke 31 
constituent yields under “Massachusetts” smoking 32 
conditions, as defined by the Massachusetts Department 33 
of Health (Massachusetts, 1997) and “intense” smoking 34 
conditions, as defined by Health-Canada (Canada, 35 
2000a). The estimation methods proposed relate to 36 
machine-smoking conditions and are not intended to 37 
reflect the actual exposure of any given consumer to 38 
smoke constituents. 39 

The tobacco industry has provided cigarette smoke 40 
tar, nicotine, and carbon monoxide yield data for vari- 41 
ous regulatory agencies for many years. For mainstream 42 
smoke generation and collection, cigarette manufactur- 43 
ers in the United States are required to use the Federal 44 
Trade Commission (FTC) machine method for tar, 45 
nicotine, and carbon monoxide yield reporting (Federal 46 
Register, 1967, 1980). Internationally, the ISO machine 47 
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48 method is recognized as the standard for determining 

49 cigarette tar, nicotine, and carbon monoxide yields (ISO 

50 Standard 3402, 1999; ISO Standard 3308, 2000; ISO 

51 Standard 4387, 2000; ISO Standard 10315, 2000). The 

52 FTC and ISO machine-smoking methods for determin- 

53 ing mainstream smoke tar, nicotine, and carbon mon- 

54 oxide yields have been standardized and validated 

55 through extensive inter-laboratory (collaborative) study. 

56 More recently, regulations have been adopted or pro- 

57 posed for reporting the yields of other specific smoke 

58 chemicals Ibund in mainstream or sidestream cigarette 

59 smoke (Brazil, 2001; World Health Organization, 

60 2000a). 

61 Cigarette smoke is a complex chemical mixture. 

62 Nearly 4000 chemical constituents have been identified 

63 m mainstream cigarette smoke (Dube and Green, 1982; 

64 Roberts, 1988). These individual chemical compounds 

65 and elements, as opposed to tar which is a composite of 

66 chemicals, are referred to a.s smoke constituents. Con- 

67 siderable research has been reported on cigarette smoke 

68 constituents that are identified as potentially toxic 

69 (Hoffmann, 1993; lARC, 1986, 1999; U.S. Department 

70 of Health and Human Services, 1989). Smith et al. 

71 (1997, 2000, 2001) published comprehensive literature 

72 reviews of lARC Group 1, 2A, and 2B carcinogens 

73 found in mainstream cigarette .smoke. Numerous pub- 

74 lications are also available that review standard ma- 

75 chine-smoking test methods, alternative smoking 

76 methods, and the relevancy of machine-smoking lest 

77 protocols to human smoking behaviors and cigarette 

78 smoke exposure (Baker, 1999; Borgerding, 1997; Fed- 

79 eral Register, 1997; National Cancer Institute, 1996, 

80 2001; World Health Organization, 2000b), 

81 The current work is not meant necessarily to Imply 

82 relevancy to a particular human smoking behavior or 

83 any one consumer’s potential exposures to smoke con- 

84 slituents. Understanding the; wide range of adult con- 

85 sumer .smoking behtiviors and potential exposures to 

86 smoke requires cliniGaUresearch. A population study of 

87 exposure of U.S. adult smokers to cigarette smoke is in 

88 progress and will add-to this understanding (Kinser et 

89 al-, 2001; Walk et al., 2001). Relationships between 

90 machine-generated smoke component yields, however, 

91 can provide guidance in studies of biological systems 

92 and cigarette smoke. 

93 The reporting of individual smoke constituent yields 

94 raises a number of issues. While the FTC and ISO ma- 

95 chine methods are recognized .standards for the gener- 

96 ation and collection of mainstream cigarette smoke (and 

97 determination of tar, nicotine, and carbon monoxide), 

98 there are no internationally recognized and standardized 

99 methods for the analysis of other smoke consliluenls, 

100 The Canadian Government has stipulated both ma- 

101 chine-smoking conditions and smoke constituent ana- 

102 lytical methods in its Tobacco Act Reporting 

103 Regulation for cigarette products marketed in Canada 


(Canada, 2000a). This is the only known requirement 104 
for specific analytical methods within a regulation. 105 
Without standardized analytical methods, comparison 106 
of smoke constituent yields for viirious cigarette prod- 107 
ucts which were determined oy different analytical 108 
methods remains challenging, ltc|;'oited cigarette con- 109 
.slituenl yield differences m could hr- due to analytical 110 
method differences rather ilian hr;;ml characteristics. All 111 
analyses reported in this '.vork were performed by a 112 
single laboratory. 113 

Benchmarking, as used here, encompasses the testing 114 
of a set of cigarette orand samples having design fea- 115 
tures representative of I he marketplace. Functional re- 116 
lationships are then established between the yields of 117 
each smoke consument and the predicting variables. 118 
The predicting variables are generally tar, nicotine, or 119 
carbon monoxide deliveries. The functional relation- 120 
ships are subsequently used to predict constituent yields 121 
for other cigarette brands. 122 

The study reported here will not have been the first to 123 
demonstrate the potential utility of a benchmarking 124 
approach. Other studies have developed or proposed 125 
relationships between smoke chemistry yields (Chepiga 126 
et al., 2000; Jenkins et al., 1983; Seeman et al., 2003). An 127 
extensive benchmark study was performed by four U.S. 128 
tobacco companies in 1999 in cooperation with the 129 
Massachusetts Department of Public Health (MDPH) 130 
(Borgerding ct al., 2000). Mainstream smoke constituent 131 
yields of brands representative of the U.S. market were 132 
determined at smoking conditions defined by the 133 
MDPH (Massachusetts, 1997). Functional relationships 134 
between tar, nicotine, or carbon monoxide and indi- 135 
vidual smoke constituents demonstrated predictability 136 
for other similarly designed brands. An indirect appli- 137 
cation of benchmarking is found in the Canada Tobacco 138 
Act Reporting Regulation (Canada, 2000b), The regu- 139 
lation allows for use of linear functional relationships 140 
between tar or nicotine and each of the smoke constit- 141 
uents specified in the regulation. The current study is 142 
unique, however, in that it includes brands marketed in 143 
a wide distribution of geographical regions with analyses 144 
for mainstream tar, nicotine, carbon monoxide, and 42 145 

other smoke constituents. 146 

Benchmarking necessitates that brands for which 147 
smoke constituent yields are to be predicted have de- 148 
signs that are within the range of the samples used to 149 
develop the functional relationships. Design parameters 150 
include tobacco blend, tobacco weight, filter ventilation 151 
level, and cigarette paper permeability, for example. The 152 
functional relationships developed in this study are 153 
known to be applicable to brands of the Philip Morris 154 
companies that are within the design range defined by 155 
the study cigarettes. The approach and statistical treat- 156 
menl of data used in this work would be applicable to 157 
other studies of cigarette mainstream smoke constituent 158 
yields. 1S9 


PM3006878485 


Source: https://www.industrydocuments.ucsf.e(du/(docs/yhlx0001 




M.E. Counts L't a], / Regulatory Toxieolory and Pharmacol v, xxx (2004) xxx-x \ ■ 


3 


160 2. Materials and methods 

161 2.1. Cigarettes 

162 Philip Morris commercial brands from various in- 

163 ternational tnarkst regions were tested. Forty-eight fil- 

164 tered brands were selected to include a range of cigarette 

165 design features and tar categories available in those re- 

166 gions. Most brands were blended cigarettes consisting 

167 primarily of bright (flue-cured), hurley, and oriental 

168 tobaccos and containing some expanded tobacco, re- 

169 constituted-tobacco sheet, or processed tobacco stems. 

170 Four brands contained primarily bright tobaccos. Nine 

171 brands included 14-50 mg of activated carbon (also re- 

172 ferred to as activated charcoal) in their filter conslruc- 

173 tion. ISO machine-method tar yields ranged from 1 to 

174 14 mg per cigarette. Brands were sampled at 14 pro- 

175 duction facilities in late 1999. Table 1 is a summary of 

176 de.sign and market characteristics for these cigarette 

177 brands. 

178 The study used a split-sample analysis plan. Forty 

179 cigarette samples, including 39 commercial brands and 

180 the University of Kentucky 1R4F reference cigarette 

181 (Davis et al., 1984), made up the exploratory sample 

182 group. The other nine commercial brands and the 1R4F 

183 reference cigarette were in the validation sample group. 


Tabic 1 


ClgHrcUe murket and design characterisl.ics 


Cliaraclcriblic 

Ranges 

Brands 

4^ Brand styles (15 brand Families) 

Philip Morris 

USA, Latin America, Asia Pacific, 

production rci»ions“ 

.kipan, EU, gem A 

ISO machine-method 

,1-14 mg/tig 

rar yield 


Filter types*’ 

CA,:CA/carbon (three types), 
concentric paper 

Filler ventilation 

0-80% 

Cigaiclie leiij^ih 

68-100 mm 

Cigarette 

circumference 

Slim (~23nim) and standard (■~25mm) 

Cigai'ctle paper 
permeability^' 

9-87 CORESTA units 

Menthol flavoring 

5 Menthol, 44 non-niciithol 

Tobacco vvcight 

0.49-0.89 g/dg 

Tobacco blend 

Category I: all hrighl tobacco-based 
(4 brands); Category II (component 
approx, inclusion): bright, to 50%; 
buricy, to 40%; oriental, to 20%; 
expanded tobacco, to 55%; 
processed tobacco sheet, to 30%; 
processed tobacco stem, to 25% 

Pack-aging 

41 Hard pack, 7 soft pack 


'‘EU, European Union; CEMA, Central Europe, Middle East, 
Africa. 


^CA, cellulose acetate; CA/carhon is a filler conlaining both a CA 
section and a section with carbon on CA. 

‘"CORESTA unit (CU), air How, cc/min, passing through a 1 cm- 
test apparatus surface at 1 .OkPa pressure. 


The validation group included cigarettes from a range of 184 
tar yields and region representation. This group was 185 
tested after completion of the exploratory-group testing. 186 
The exploratory-group data were used to develop the 187 
functional relationships. The validation-group data 188 
provided independent assessm.;!Us of the predictive 189 
strength of the functional relaiionsliips. The iR4F ref- 190 
crence cigarette was includci,! v\iih each sample group 191 
for consistency compruisons and v, as not included in 192 
functional relatiojis;iip dcvclujiineut. 193 

2.2. Mainstreain yoneralion and constituent anal- 194 

yse.t ]95 

The Study was-ptu formed al ISO machine-smoking 196 
conditions of 35-mI‘pufF volume, 2-s pulT duration, and 197 
60-s puff interval. Cigarette samples were conditioned 198 
according to ISO Standard 3402 (1999). Twenty repli- 199 
cates were analyzed for tar, nicotine, and carbon mon- 200 
oxide yields. Seven replicates were analyzed for 201 
.mainstream smoke constituent yields and for smoke 202 
“pH.” The “pH” of smoke is denoted in tpiotes to in- 203 
dicate that the measurements are empirical and depen- 204 
dent upon the conditions under which they are made 205 
(Rodgman, 2000). 206 

Labstat International (Kitchener, Ontario), an ISO/ 207 
lEC 17025-accredited commercial laboratory, con- 208 
ducted the machine smoking, smoke constituent analy- 209 
ses, and smoke “pH” analyses under contract to PM 210 
USA. The mainstream smoke constituents analyzed for 211 
this Study were representative of those included in sev- 212 
eral current government regulations (Brazil, 2001; 213 
Canada, 2000a). Details of analytical methods used by 214 
the laboratory can be found in current Health Canada 215 
(HC) regulations (Canada, 2000b) or by contacting 216 
Health Canada’s Tobacco Control Programme (P.L. 217 
3506C, Ottawa, Canada, KIA 0K9). Guidance refer- 218 
ences cited below are those provided within the HC 219 
Official Methods. Corresponding HC test method 220 
numbers arc provided in parentheses. Outlier statistics 221 
(ASTM, 1994) were applied to all data. 222 

Tar, nicotine, and carbon monoxide (T-115) were de- 223 
termined according to the relevant ISO standards (ISO 224 
Standard 3308, 2000; ISO Standard 3402, 1999; ISO 225 
Standard 4387, 2000; ISO Standard 8454, 1995; ISO 226 
Standard 10315, 2000; ISO Standard 10362-1, 1999). 227 

Nicotine and water were determined gravimetrically 228 
from isopropanol extracts of total particulate matter 229 
(TPM) retained by the smoke collection pad. Tar was 230 
calculated from the weight of TPM less the weights of 231 
water and nicotine. Carbon monoxide was determined 232 
by noil-dispersive infrared spectroscopy. Carbonyl 233 
compounds (T-104); formaldehyde, acetaldehyde, aero- 2S4 
lein, acetone, propionaldehyde, crotonaldehyde, methyl 235 
ethyl ketone, and butyraklehyde, were trapped in ace- 236 
tonilrile as 2,4-dinitrophenylhydrazine derivatives and 237 
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238 determined with high performance liquid chromatogra- 

239 phy (HPLC) with ultraviolet detection (Houlgate et al., 

240 1989). Volatile organic compounds (VOCi) {T-l]6): 1,3- 

241 butadiene, isoprene, acrylonitrile, benzene, and toluene 

242 were trapped in methanol-containing cold traps and 

243 analyzed by chromatography/mass spectrometry (GC/ 

244 MS) (Brunnemann et al., 1990; Byrd et al, 1990). Am- 

245 monia (T-101), collected on both the pad and in sulfuric 

246 acid-containing impinger traps, was determined with ion 

247 exchange chromatography (Nanni et al., 1990). Hydro- 

248 gen cyanide (T-107), in particulate- and vapor-phase was 

249 determined colorimetrically after conversion to cyano- 

250 gen chloride, reaction with pyridine, and coraplexation 

251 with diethyl acetone dicarboxylate (Collins et al, 1973; 

252 Riclert and Stockwell, 1979). Nitrogen oxides (T-110> 

253 were determined by chemiluminescence (.Tenkins and 

254 Gill, 1980). Aromatic amines (T-102); )-ammonaphtha- 

255 lene, 2-aminonaphthalene, 3-aminobiphenyl, and 4-am- 

256 inobipheny! were determined by gas GC/MS from TPM 

257 extracted sequentially by hydrochloric acid and hexane, 

258 then derivatized with pentafluoropropionic acid anhy- 

259 dride and trimethyl amine (Pieraccini et al, 1992). 

260 Benzo[aJpyrene (T-103) was extracted from TPM with 

261 cyclohexane, concentrated, and analyzed by HPLC with 

262 fluorescence detection (Dumont and Laroeque-Lazure, 

263 1993). Phenolic compounds (T-114): hydroquinone, res- 

264 orcinol, phenol, catechol, u-cresol, and (m + p)-cresol 

265 were extracted from TPM using acetic acid and analyzed 

266 by HPLC with fluorescence detection (Risner and Cash, 

267 1990), Pyridine, quinoline, and styrene (T-112): the 

268 methanol-extract from TPM was combined with the 

269 collection in sequential methanol-containing cold traps 

270 and analyzed by GC/MS (White et al, 1990). Tobacco- 
Ill specific nitrosamines (TSNA) (T^lll): A7-nitrosonornic- 

272 otine (bTNN), 4-(A'-metliybAr-nitrosamino)-l-(3-pyr- 

273 idy])-l-butanone (NNK), A^-nitrosoanatabine (NAT), 

274 and A-nitrosoanabasine (NAB) were determined from 

275 TPM extracted with dichloromethane, fractionated 

276 through a basic alumina chromatography column, and 

277 analyzed by gas chromatography with thermal energy 

278 ana lysis, detection (GC-TEA) (Fischer and Spiegelhal- 

279 der, 1989), Mercury (T-108) was determined by col- 

280 lecting whole smoke in acidified potassium 

281 permanganate solution, follow'ed by microwave diges- 

282 tion, and analysis by cold vapor atomic absorption 

283 (AA) spectroscopy (Van Delft and Vos, 1988). Trace 

284 metals (T-109); nickel, lead, cadmium, chromium, ar- 

285 senic, and selenium were determined by electrostatic 

286 precipitation of .smoke particulate-phase, methanol ex- 

287 traction, microwave digestion with nitric and hydro- 

288 chloric acids and hydrogen peroxide, and analysis by 

289 flameless (graphite furnace) AA spectroscopy. Smoke 

290 '‘pH’' (T-113) was determined using a modified combi- 

291 nation electrode positioned in the smoke collection path 

292 (Brennemann and Hoffmann, 1974; Sen.sabaugh and 

293 Cundiff, 1967), 


2.3. Tobacco blend analyses 294 

Tobacco blend analysis method details are available 295 
through the same sources given above for smoke con- 296 
stituent methods. Tobacco ninisre (T-308) was deter- 297 
mined from acetic acid tobaa.'-extractions. Extracts 298 
were analyzed colorimeiiically through reaction and 299 
complexation with hydrazine and copper (basic pH), 300 
sulfamilamide, and V-i; 1-ii4piJiy]).ethylenediamine, 301 
TNSA (T-309): NNK N\\, N.AB, and NAT were 302 
determined from a^cnioie add and dichloromethane 303 
extractions, will suh^eqllelll chromatography fraction- 304 
ation, using GC-1 I A. 305 

2.4. Statistics 306 

To develop meaningful functional relationships for 307 
smoke constituents, cigarette brands in the exploratory 308 
sample set were selected to be representative of the 309 
market range. The design features of these brands es- 310 
tablished the boundary conditions for predictions of 311 
yields in other brands. The ranges of these features are 312 
summarized in Table 1. Mainstream tar, nicotine, and 313 
carbon monoxide yields at ISO machine-smoking con- 314 
ditions were investigated as potential independent vari- 315 
ables for functional relationships. 316 

The relationships between mainstream smoke tar, 317 

nicotine, or carbon monoxide and individual smoke 318 
constituents were developed and assessed using SAS 319 
statistical software (Release 8,01, SAS Institute, Cary, 320 
NC) and EXCEL 97 (Microsoft, Redmond, WA). The 321 
coefficients of determination, R^, together with other 322 
diagnostic parameters were used to assess the strength 323 
and statistical significance of functional relationships. 324 

Diagnostic parameters included root mean square er- 325 
rors, predicted residual error sum of squares, and coef- 326 
iicient p values. 327 

Functional relationships w'ere gauged for their ca- 328 
pacity to predict the smoke constituent yields of the 329 
validation-brand set by the magnitude of prediction er- 330 
rors (PE). These are the diflerences between predicted 331 
and measured smoke constituent yields. Prediction in- 332 
tervals (95% confidence level) were calculated for each 333 
set of constituent data for the exploratory brands. The 334 
intervals subsequently served as forecasting ranges for 335 
mainstream smoke constituent yields for another ciga- 336 
rettc brand from a similar population of brands, e.g., the 337 
validation brands in this study. 338 


3. Results 339 

3.1. Mainstream ISO smoke constituent yields 340 

Average mainstream tar, nicotine, carbon monoxide, 341 
and smoke constituent yields for each brand in this 342 
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343 Study and the 1R4F referenet? cigarette are reported in 

344 Appendix A. Measurement standard deviations are in- 

345 eluded. The results are grouped by exploratory-brand 

346 (codes E1-E39) and validation-brand (codes Vi-V9) 

347 sample sets. Four of the brands contained primarily 

348 bright (flue-cured) tobaccos: codes E12, E3I, V2, and 

349 V7. All others contained blended tobaccos. Several 

350 smoke constituent yields, particularly for lower tar-yield 

351 brands, were below the limit of detection (LOD) or limit 

352 of quantilication (LOQ) established by the contract 

353 laboratory. These constituents, their respective LODs 

354 and LOQs, and number of brands with yields below 

355 quantitation levels are listed in Table 2. 

356' 3,2. Functional relationships 

357 3.2.1. Regre.s.sion analysis 

358 Functional relationships for each smoke constituent 

359 were generated through regression of the mean yields of 

360 the 39 exploratory brands with their mean yields of tar, 

361 nicotine, or carbon monoxide, as measured at ISO 

362 smoking conditions. Analytical limits for LOQ and 

363 LOD were used instead of omitting brands from the 

364 analyses. 

365 One of the basic assumptions for regression is that 

366 residuals are randomly distributed over the range of the 

367 independent variable (Kohler, 1994). However, for 

368 many of the smoke constituents, residuals tended to 

369 increase with increasing tar, nicotine, or carbon mon- 

370 oxide yield. This indicated that these constituents failed 


to meet the regression criterion for homogeneous and 
normally distributed variance. 

Weighted least squares (WLS) regression was used to 
stabilize the variances. The weighting factor used for 
this study was the inverse of tlie independent variable, 
e.g.. I/tar or 1/CO. The weighting factor was generally 
proportional to the consiitueni viirinnces. Weighting 
resulted in randomly tlisl ribiiicu lesiduals, increased 
coefiicients of determhriiiou. . :.u;d lower root mean 
square errors ane prcdiLtcd residual error sum of 
squares compared lo ihe iiiiueighted analysis. Descrip¬ 
tions of weightee kasl .sriifares regression and equations 
for prediction hiiei v;ii eeleulation are available in stan¬ 
dard statitstics k:\L^, UK luding Kleinbaum et al. (1988), 
Myers (199i!;ii. (rkiiitz et al. (1990), and Ott and 
Longnecker (2001). 

3.2:2, Correlation strength 

Mainstream tar, nicotine, and carbon monoxide were 
strongly, correlated with each other and w'ifh most other 
mainstream constituents, as indicated by R^. There were 
, exceptions, however. The yields of nitric oxide, nitrogen 
oxides, and TSNAs were only weakly correlated 
< 0.80) with tar, nicotine, or CO, but the correla¬ 
tions were improved by accounting for their precursors 
in tobacco. Smoke “pH” was relatively constant among 
brands, which resulted in very weak correlations 
(7?^ < 0.30). Similar findings for smoke “pH” had been 
reported in other studies (Mas.sachusetts, 1999, 2000, 
2001 ). 


Table 2 

Brand count with ISO nmoke yields below.qunnlitiition levels 


Smoke constituent 

LOD 

LOQ 

Number of brands below 

LOD 

levels of 

LOQ 

Solcnuim (ng./cig) 

2,21 

7.37 

48 

_ 

Nickel (nu/cig) 

6.47 

21.^ 

46 

2 

Chromium (ng/oig) 

5,94 

ly.K 

37 

11 

Arsenic (iig/cig) 

1.13 

3.75 

K 

37 

Lead (ng/cig) 

3,85 

12.8 

4 

19 

Resorcinol (itgjcjg)- 

0.158 

0.526 

3 

J1 

Cioi'iii.tldehyde (ftg/cig) 

0.980 

3.29 

1 

12 

Mcl'-iirv (ng/cig) 

1.10 

1.50 

3 

5 

Pheri' I {iiv.V'iy) 

0.573 

1.91 

2 

5 

o-Crcsoi i ;j- 

0.074 

0.245 

_ 

3 

NAB (ri v.y. 

0.6,34 

2.00 


2 

Quinoline (ng/cig) 

0.007 

0.024 

_ 

1 

m &./7-C: 1 '■ Is (i-ig/cic) 

0.153 

0.509 

_ 

2 

Acrylonitrile (fdg/cig) 

0.282 

0.939 

_ 

2 

Toluene ().ig/cig) 

2.50 

S.32 

_ 

2 

Butyruldcliydc (|jg/cig) 

0.810 

2.70 

_ 

1 

Ammonia (qg/cit!) 

0.725 

2.45 

._ ' 

1 

Acrolein (fig/cig) 

0.710 

2.37 

_ 

1 

Piopionaldehyclc (pg/cig) 

1.00 

3.33 

_ 

1 

Mciliyl ethyl ketone (iig/eig) 

1.09 

3.66 


1 

NNK (ng,,'cig) 

3.72 

12.4 

_ 

1 

Pyridine (ag.icigf 

0.237 

0.791 

_ 

1 

Slyrciic (jig./cig) 

0,170 

0.560 

- 

1 


LOD, limit of detection; LOQ- limit of quantitation. 


371 

372 

373 

374 

375 

376 

377 

378 

379 

380 

381 

382 

383 

384 

385 

386 

387 

388 

389 

390 

391 

392 

393 

394 

395 

396 

397 

398 

399 
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400 Smoke constituents tend to be associated more with 

401 either the parlicuhite-phase or the vapor-phase of 

402 smoke. The distinction is not absolute because many 

403 constituents exist in both phases (Hoffmann, 1993). 

404 Nicotine, polycyclic aromatic hydrocarbons (PAHs), 

405 and TSNAs arc examples of constituents associated 

406 primarily with the particulate phase (Wartman et al., 

407 1959). Lower molecular-weight hydrocarbons such as 

408 benzene, butadiene, and toluene are primarily vapor- 

409 phase constituents. Hydrogen cyanide (Collins et ah, 

410 1970) and ammonia (Brunneraann and Hoffmann, 1975; 

411 Nanni et ah, 1990; Sloan and Morie, 1974) have been 

412 found in both phases. The aldehydes and ketones 

413 monitored in thi.s study reside primarily in the vapor- 

414 phase, with the exception of formaldehyde which cor- 

415 relates highly with the particulate-phase of smoke. The 

416 significant amount of formaldehyde retained by the 

417 Cambridge filter has been attributed to its hydrophilic 

418 nature and subsequent association with total particulate 

419 matter on the pad (Spencer and Chard, 1971). 

420 Regression statistics were compared when tar, nico- 

421 tine, or carbon monoxide was the independent variable. 

422 Generally, tar demonstrated the highest correlation with 

423 the smoke constituents. Carbon monoxide or nicotine 

424 would also be appropriate regressors for describing the 

425 yield relationships for smoke constituents as both nic- 

426 otine and carbon monoxide yields were highly correlated 

427 with tar yields. Exploratory-brand average yields, simple 

428 weighled-least-squares-regression best-fit lines, 95% 

429 prediction intervals, and validation-brand average yields 

430 for each of the forty-two smoke constituents measured 

431 are shown in Fig. 1, To exemplify the measurement 

432 variability, one-standard-deviation error bars are in- 

433 eluded for several constituents. Standard deviation data 

434 for all of the constituents are included in Appendix A. 

435 All regressions were statistically significant at the 95% 

436 confidence level and regression: coefficients were statis- 

437 tically different from zero. 

438 3.2.S. Mainstream TSNA and nitrogen oxides treatment 

439 Many of the chemical constituents found in smoke are 

440 generated during combustion from precursors found in 

441 the leaf: phenolic compounds are derived partially from 

442 cellulosic materials in leaf; sorne nitrogenous compounds 

443 are derived partially from proteins in leaf; and nitrogen 

444 oxides are derived partially from nitrates in leaf (Baker, 

445 1999). The amounts of these constituents found in 

446 mainstream smoke depend in part on the amounts of their 

447 precursors in the tobacco that is consumed during puffing 

448 and the conversion efficiencies of the precursors. 

449 Other smoke constituents are distilled intact from the 

450 tobacco during the smoking process. Constituents such 

451 as nicotine (Rustemeier and Piadc, 1999) and, to some 

452 extent, TSNAs (Fischer el al., 1990) are in this category. 

453 The amounts of these constituents found in mainstream 

454 smoke are functions of their concentrations in the to¬ 


bacco itself and their transfer efficiencies to srnofce 455 
during puffing. 456 

Nitrogen oxides and TSNA deliveries weakly corre- 457 
lated with tar deliveries. These results are not unex- 458 
peeled since cigarettes of similar construction will have 459 
similar tar deliveries, but ihcii lubucco blends can have 460 
widely different nitrate and 1 .sN.A Icvcb. Therefore, the 461 
deliveries of these constiluenl^ in smoke will depend on 462 
both cigarette construction mu.: iho amount of precur- 463 
sors or source coiiLcaLr.ition in tlic blends. 464 

Tobacco-biend lutrale and TSNA concentrations 465 
were used to modify fLincuonal relationships for pre- 466 
dieting the. yields ol niiiogen oxides and TSNAs in 467 
smoke. Tobacco blend concentrations of nitrate and 468 
TSNAs for'each bi und style in this study are found in 469 
Appeiidix^B:. 470 

For TSNA emoke yields, multiple regressions using 471 
tar and cigarette tobacco-blend TSNA levels were as- 472 
sessed. The amount of the TSNA in the tobacco blend of 473 
each cigarette type was calculated from the cigarette 474 
tobacco weight and the weight-percentages of the TSNA 475 
in the blend. Multiple regression relationships for NNN, 476 
NNK, and NAT w'ere significantly improved by this 477 
inclusion over simple linear regression models, as evi- 478 
denced by higher respective values, lower root mean 479 
square errors, and lower prediction errors for both the 480 
exploratory and validation brands. NAB relationship 481 
improvement was marginal. 4S2 

Even with an overall improvement from multiple re- 483 
gression, smoke TSNA yield prediction errors tended to 484 
be greater for brands at the low or high range of tar 485 
yield or tobacco TSNA content. For this reason, vari- 486 
able transformation techniques were employed. Of the 487 
transformations investigated, the square root of the 488 
product of tar-yield and cigarette blend-TSNA concen- 489 
tration gave the best result. The relationship used for 490 
prediction was a linear regression of smoke TSNA yields 491 
with the interactive variable [sqrt (tar x cigarette blend- 492 
TSNA)]. Residuals from this regression were homoge- 493 
neously and normally distributed over the transformed 494 
variable range. The result was a signilicanl increase in 495 
regression quality with higher and lower prediction 496 
errors for all of the brands in the validation set. This 497 
model also allowed for one-dimensional prediction in- 498 
tervals and simpler visualization. NAB was an excep- 499 
tion, however. The qualities of the two prediction 500 
models, one based on multiple regression using tar and 501 
cigarette blend-NAB concentration and one based on a 502 
square root-transformed interactive variable with lar 503 
and cigarette blend-NAB concentration, were similar. 504 
Ol the four TSNAs analyzed, prediction errors were 505 
relatively greater for NAB. Fig. 2 contains transformed 506 
variable regression models and prediction intervals for 507 
mainstream smoke NNN, NNK, NAT, and NAB yields. 508 
A similar approach was employed in regressing nitric 509 
oxide and nilrogen oxides yields using [sqrt (tar x ciga- 510 
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M.E. CoHn/i- er ul. ! Re^utalory Taxicotogy utid Ffufrmacuhsy xxx ~i)04} xxx 


Nicotine (mg/cig) 



Carbon Mononde (mg/cig) 



AcataidehydB (jig/cig) Acetons (gg/cig) 




Acroiein (pg/cig) Butynaidshyde (gg/oig) 




Crotonaidehyde (gg/dg) Mcthyi Ethyi Ketone (gg/dg) 




Fig. 1. Plots of ISO-method constituent yield vs. tar yield from weighted (l/ltir) linear regression. —, Best fit regression equation; 95% prediction 
interval; •, exploratory biands; □, validation brands; and +, not quantitated. 


51 i rette blend-nitrate)] as the independent variable. Pre- 

512 diction models for nitric oxide and nitrogen oxides are 

513 found in Fig. 3. 

514 With these transformed interactive variables, main- 

515 stream smoke TSNA and nitric oxide(s) predicted 

516 smoke yields were improved relative to those of simple 


linear regressions where tar was the only independent 517 
variable. The use of prediction models beyond simple 518 
linear regression for TSNA or nitrogen oxides yields 519 
would have less impact if all brands were similar in to- 520 
bacco blend-nitrate or blcnd-TSNA concentration. 521 
Since this study included brands from a wide range of 522 
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Propionaldehyde (pg/cig) 



Acrylonltril© (pg/cig) 



Benzene (pg/cig) 1,3-Butadiene (jjg/cig) 




Isoprene (pg/cig) Styrene (pg/cig) 




Toluene (pg/dg) Hydrogen Cyanide {pg/cig) 




Fig. 1. {continued) 


523 regional markets, and consequently a wide range of 

524 concentrations of these tobacco components, different 

525 regi'ession models were warranted. 

526 3.2.4. Prediction error 

527 To test the reliability of the regression equations, (he 
52S measured constituent yields for the nine validation 


brands were compared with the predicted yields and the 529 
95% prediction intervals. Table 3 includes the predicted 530 
smoke yields and calculated prediction errors (PE). A 531 
positive or negative PE indicates the predicted yield was 532 
greater or less, respectively, than the average measured 533 
yield. Greater than 90"/! of constituent yields for the 534 
validation brands were within the 95% prediction in- 535 
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NiWc Oxide (yig/cig) Nitrogen Oxides (MS^cig) 




Formaldehyda (wg/dg) Ammonia (^g^cig) 




l-Aminonaphthalena (ng/cig) 2-Aminonaphthalene (ng/cig) 




3-Aminobjphenyl (ng/cig) 



4-Aminobiphenyl (ng/clg) 



Tar (mg/cig) 


Fig. 1. (contirmecf) 


536 tervals and prediction errors were similar in magnitude 
5.37 to measurement standard deviations. Mctusured brand- 

538 average constituent yields outside the prediction inter- 

539 vals are underlined in Table 3. No particular constitu- 

540 ents were consistently outside of the prediction intervals 

541 across the validation brands. Two validation brands 

542 contained primarily flue-cured tobacco blends. One 

543 brand, code V2, was outside the prediction intervals for 


smoke ammonia (over-predicted) and for catechol, ere- 544 
sols, phenol, and hydroquinone (under-predicted). This 545 
wa.s consistent with general findings for flue-cured to- 546 
baccos (Griest and Guerin, 1977). A second all-flue- 547 
cured brand, code V7, was over-predicted for ammonia 548 
yield and iinder-predicled for formaldehyde yield. Its 549 
catechol, phenol, and hydroquinone yields, however, 550 
were within the range for blended brands. The tobacco- 551 
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M e. Cotini!< e( a\. / Ri'^u]aiory Toxicology (tnJ PharmacoJogy .tAr^r (2004) a * -xxx 


Benzo[a]pyrer»d (ng/clg) 


Catechol (pg/cig) 




m & p-Cresol (pg/cig) 


o-CresoJ (pg/cig) 




Hydroquinona (pg/cig) 


Phenol (Mg/cig) 




Resorcinol (pg/dg) 


Pyridine (pg/crg) 




Fig. 1 . {(.‘onimmd) 


552 specific nitrosamine, NNN, was considerably lower for 

553 these two brands and the two exploratory all-flue-cured 

554 brands, codes Ell and E3l, compared to blended 

555 brands. This is also consistent for flue-cured tobaccos. 

556 The apparent inconsistency in relative phenolic constil- 

557 uent yields for these flue-cured brands may be due to 

558 regional growjjig conditions and curing practices, to¬ 


bacco grades, or tobacco varieties in each brand. As 559 
noted by Griest and Guerin, these differences can have a 560 
greater impact on smoke chemistry than differences due 561 
to tobacco type. 562 

Tobaccos from dillerent regions w'ill be impacted by 563 
agricultural practices and growing conditions. For ex- 564 
ample, the concentration of metals in tobacco, and 565 
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M.E. Counts et ul. ! Regulatory J'oxkolog- 

QuinDiin9 (Mg/cig) 



Cadmium (ng/cig) 



NNN (ng/cig) 



NAB (ng/cig) 



Tar (mg/cig) 

Fig. 1. 


566 consequently smoke, is affected by agricultural practices 

567 and growing conditions (Smith et a!., 1997; Stohs et ah, 

568 1997). Smoke cadmium yield for brand V8, at the time 

569 of this study, was beyond the prediction interval. This 

570 could be the result of unusual growing conditions for a 

571 particular crop year or years. Although tobacco biend- 

572 ing over several crop years tends to mitigate year-to-year 


and Pharmactrlifgy aitca' (2004J xxx—-: 11 

Mercury (ng/cig) 



Load (ng/dg) 



NNK (ng/cig) 



NAT (ng/dg) 



Tar (mg/clg) 


(can/muc'd) 


differences, any uncharaclerislic change in yield would 573 
not be predicted in a benchmark study. 574 

One underlying premise of benchmarking is that 575 
brands are consistent over a relevant time period, 576 
Swauger et al. (2002) compared smoke constituent yields 577 
for a broad sampling of U.S. commercial cigarette 578 
brands in 1995, 1998, and 2000. Among their findings 579 
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NNN (r\g/dg) 



sqrtftar (mg/cig) x eig filter NNN (ng/g)] 


NNK (ng/cig) 



NAT (ng/cig) 



sqrt[tar (mg/cig) x cig filler NAT (ng/g)] 


NAB (ng/cig) 



^ig- 2. Prediction models for ISO iTia.mslrca.in lobacco-spccific nitrosamine yields: —, best fit regression equation; —, 95% prediction interval; •, 
exploratory brands; and □ validation brands. 


Nitric Oxide (pg/cig) 



Fig. 3. Prediction models lor ISO mainstream iiilrogen oxides yields; —. 
brands: and G validation brands. 


Nttrogan Oxides (pg/cig) 



best fit regression equation; —. 95% prediction interval; •, exploratory 


580 was smoke constituent yields of commercial U.S. ciga- 

581 relies had remained fairly constant between 1995 and 

582 2000. Currently, tobacco curing in the U.S. is undcr- 

583 going a transition for the purpose of reducing tobacco- 

584 specific nitrosamines in flue-cured tobacco (Fisher, 

585 2000), The benchmarking results reported here for 

586 TSNAs will therefore need revision as tobaccos cured 

587 with modified techniques are blended into cigarette 

588 products for the U.S. market or for export from the U.S. 


3.2.5. Alternative when brands contain carbon in filter 589 
de.ng>i 590 

Nine brands in the exploratory group contained 591 
carbon in their filter construction. It is well known that 592 
carbon, i.e., activated charcoal, has the potential to se- 593 
lectively adsorb many vapor-phase constituents from 594 
mainstream smoke (Baggett and Morle, 1975; William- 595 
son et al., 1965). Carbon monoxide and oxides of ni- 596 
trogen are generally not affected by carbon (Tiggelbeck, 597 
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g/cig)* 

0.24 

-0.02 

0.37 

-0,19 

0.18 

-U.OI 

o.n 

-0.03 

N>JN (ng/dg)’’ 

124.7 

-17.6 

39.0 

12.4 

42.7 

1.5 

53,2 

-9.5 

NNK. {ng/dg)’’ 

70.5 

-19.6 

58.3 

24.0 

24.9 

1.2 

40.2 

-2.0 

NAT (ns/cig)” 

108.9 

-11.1 

56.6 

13.9 

39.9 

1.5 

48.6 

-10.3 

NAD (ug/C]£)'' 

13.9 

-1.5 

13.4 

6.9 

R.4 

4.2 

8.6 

1.0 

Cadmium (ng/dg)' 

27.7 

-4.5 

40.9 

6.7 

20.7 

-6.1 

13.5 

0.5 

lead (iig./cig)* 

16.6 

3.8 

22.2 

5.5 

13.6 

0.6 

12.8 

0.0 


0,02 

-0.04 

0,28 

0.04 

0.21 

-0,04 

0.40 

-0.10 

0.36 

-0 12 

31.6 

-6.4 

116.4 

-10 5 

20.4 

3.4 

115,5 

-1.2 

83.0 

195 

21.6 

2.4 

82.0 

-5.4 

35.2 

5.2 

70.8 

23.5 

49.4 

-2.3 

28.5 

-9.3 

100.5 

"18.1 

34.6 

6.0 

95.2 

-2.0 

73.1 

16,8 

5,7 

-0.8 

13.5 

-5.4 

9.0 

6.2 

12.9 

-0.3 

14.8 

5.6 

4 1 

-1.1 

31.9 

-13.7 

24.6 

-3.5 

44.1 

-56.9 

40.4 

-6.0 

39 

O.D 

18..3 

4.5 

15.2 

2.4 

23.5 

1.8 

22.0 

5 1 


‘WcighleJ least squares regression. 

’’Transformed variable regression (see Figs. 2 and 3). 

'Prediction error (PE) = predicted yield-measured yield. Yields outside of the 95% predicted interval are underlined. When predicted yield <LOQ and >LOD, LOQ is reported. When 
predicted yield <LOD, LOD is reported. 



Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 
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Table 3 

Smoke Cf)nstiruenl precJictwl TSD-mf^thod yieVN anH prwiiotion errors ^h^ valuiahon branilv (V1-V9) iisin^ simple linear or Iransformed-interactive-variable regression 


Smoke constituents 

VI 

V2 

V3 

V4 

V5 

V6 

V7 

V8 

V9 










Predicted 

'■Predicted: PE' 

Prerficted PE’-' 

Predicted PE'" 

Predicted PE'" 

Predicted 

PE' 

Predicted 

PC' 

Predicted 

PE‘^ 

Predicted 

PE' 

Acetaldehyde (pg/cig)^ 

36 { 

-2 

521 

-121 

276 

-43 

J89 

43 

.75 

54 

411 

-50 

.323 

-73 

559 

39 

515 

-13 

Acetone (Mg^cig)'* 

204 

3 

.279 

.. -56 

164 

-12 

124 

27 

70 

-17 

227 

-.34 

186 

-38 

297 

-2 

276 

-12 

Acrolein 

32.2 

1.4 

47 7 

■ ' -13.1 

24.3 

-3 3 

(6 7 

4.1 

5.4 

-4 3 

37.0 

-5.6 

2R.7 

-11.2 

S0.8 

0.0 

46.6 

-l.l 

Butyraldehyde (pg/cisV’ 

23.5 

-1.2 

33.3 

^14.2 

18.4 

-2.6 

13.1 

1.7 

6.1 

-4,1 

26.6 

-6.5 

21.2 

-5.8 

35.6 

- 0,1 

32.9 

-4.1 

Crotonaldehyde (pg/cig)^ 

10.9 

0.0 

15.9 

-.12.4 

8.2 

-0.6 

5,5 

2.2 

3.3 

0.0 

12.4 

-3.4 

9.7 

-6.8 

17.0 

- 5.8 

15,7 

-7.2 

Methyl eihyl ketone {pg/ 

cig)^ 

Propionaldehyde ((ig/cig)“ 

41.4 

-0.3 

S9.8 

-18.2 

31.7 

-2.S 

21.8 

5.9 

8,7 

-4.7 

4 . 7.2 

-6.7 

37.1 

-U.3 

64.1 

1.3 

59,0 

-5.2 

33.5 

0.7 

48.2 

-8.2 

25j ' 

-2.4 

I7.fi 

4.0 

7.3 

-4.6 

38.1 

-4.4 

30.0 

-5.4 

51.7 

3.9 

47,6 

-a.4 

Acrylonitrile (pg/cig)' 

6.0 

-1.4 

8.7 

-2.5 

4.fi 

-0:9 

V 

-0.1 

12 

-1.6 


-2.9 

5.4 

-1.0 

9.3 

-2.0 

8.6 

- 2.0 

Benzene {pg/cig)'* 

27.9 

-2.S 

38.1 

-f>..3 

22.5 

-2.9 

ITO 

o.u 

9.7 

-2.3 

31.1 

-8.5 

25.5 

-5.3 

40.5 

-2.6 

37.7 

-19 

1,3-Buiadictic 

31.2 

-3.8 

42.9 

- 11.2 

24,9 ’ 

-4.4 

18.6 

-0.8 

10,2 

-3.3 

.34,9 

-7.5 

2S.4 

-10.4 

45.7 

-5,9 

42.4 

-5.0 

Isoprcnc (^ig/cigT 

272 

-19 

368 

-98 

220 

-24 ■ 

iC8 

/■ -11 

99 

-36 

302 

-81 

24B 

-48 

301 

-57 

364 

0 

Styrene (jig/cigp 

5.2 

0.7 

7.6 

-2.8 

4.0 

0.6 ■ 

2.7 ■' 

,0:2 

1.0 

0.8 

6.0 

- O.S 

4.7 

-2.6 

S.2 

-24 

7.5 

-T6 

Toluene (pg/cigf 

40.7 

-7.0 

56.6 

-10.9 

32.3 

-5-9 

23.8 

-J-.2 

12..5 

-5.3 

45,7 

-14.3 

37.0 

-6.8 

60.3 

-4 1 

55 9 

-7.7 

Hydrogen cyanide* (pg/ 
cigp 

Nitric oxide (pg/cig)^ 

74.3 

fio 

1144 

-2(14 

53.1) 

(1.7. 

3:1 4 

sn 

2.7 

-167 

87 0 

-25.9 

64.7 

-0.7 

123.9 

-13.2 

112.7 

-15.0 

116 

I] 

177 

60 

7? 

15 

71 

18 

30 

-15 

167 

-23 

7U 

23 

153 

4 

143 

24 

Nitrogen oxides (pg/cig)^ 

120 

8 

184 

58 

80 

13 

74 

17 

31 

-18 

173 

-29 

72 

2] 

159 

-1 

148 

23 

Mercury (ng/cig)*' 

2.4 

-0.4 

3.0 

-0.7 

10 

-0,6 

1.7 

-0.3 

13 

-0.4 

Z6 

-1.1 

2,2 

-0.5 

3.1 

-1.5 

3,0 

-0.6 

Formaldehyde (pg/cig)" 

2l.« 

2.7 

32.6 

-8.0 

I6.U 

-1.3 

10.2 

2.2 

2.4 

-1.6 

25.2 

7.0 

l^:i 

-22.0 

35.2 

0.4 

32.2 

-0.2 

Ammonia {pg/cigp 

13.2 

-0.8 

18.7 

U 

10.3 

0.6 

7,4 

0.0 

3.4 

0.3 

15.0 

-2.0 

11.9 

44 

20.0 

1.1 

18.5 

2.S 

l-Ammonuphthalene (ng/ 
cig)” 

2'Aramoniipht'haIcnc (ng/ 
cig)** 

3-Amin obi phenyl (ng/cig)“ 

15.1 

-0.5 

20.4 

2.3 

12.5 

-0.4 

9.4 

-1.6 

5.6 

l.j 

16.8 

-4.7 

13.5 

3,3 

21.7 

1,0 

20.2 

2.0 

9.6 

-0.2 

12.9 

3.1 

7.9 

0.3 

6.1 

-0.8 

3.7 

[.) 

10.7 

-2,9 

8,8 

3,2 

1.3,7 

1.9 

12,8 

2.4 

3.28 

-0.24 

3.06 

0.66 

1 87 

0.03 

1.45 

-0.23 

0.89 

0.26 

2.53 

-0 44 

2.09 

0,54 

3,24 

nofi 

3.03 

0.24 

4-AminobiphenyI (ng/cie)^ 

1,79 

-0.19 

2.37 

0.55 

t.48 

-0.03 

1.17 

-o.iy 

0.75 

0.21 

1,97 

-0.23 

1,65 

0.45 

2.51 

0.08 

2.35 

0.22 

Benzo[(7]pyreiie (ng/cig)‘‘ 

7.23 

0,01 

10.15 

-2,6] 

5,68 

0.08 

4.11 

-0.20 

2.02 

1. 00 

8.15 

-1.13 

6.54 

-0.60 

10.84 

1.17 

10.03 

■ -2,33 

Catechol (pg/cigT 

370 

3.8 

53.1 

-20,3 

28.4 

2.5 

19.7 

0.3 

8.1 

2.0 

42.1 

7.9 

33.1 

-0.7 

.57.0 

13,9 

52.5 

ii.3 

M & />-CresoJs (pgyeig)" 

6.9 

].0 

10.4 

-2.8 

5.1 

1.5 

3.2 

0.5 

0.7 

-0.4 

M 

11 

6.], 

0.7. 

11.3 

2,2 

10.3 

1.4 

O'Cre.sol (pg/cig)" 

2.55 

0.25 

3.8.3 

-1.91 

1.87 

D.5R 

l.lfi 

0.19 

0.26 

-0.13 

2.96 

1.32 

‘2.25 

-0=0:- 

4,13 

0.59 

3.78 

0.17 

Hydroquinoiie (pg/cigf 

.38.7 

3.7 

55.9 

-19.2 

29.5 

-1.9 

20.2 

0.6 

7.9 

2.4 

44.1 

9.9 

34.6 

-4.6 

r. i 0 

16.0 

55.2 

-0.2 

Phenol <pg/dg)" 

100 

1.3 

15.2 

-8.6 

7.2 

2.0 

4.4 

0.7 

1.9 

0.0 

11.6 

li 

8.7 

■ .) 


1.7 

15.0 

0.0 

Resoidnol (pg/cig)^ 

0.70 

0.06 

1.02 

0.33 

0.62 

-0.01 

0.48 

-0.00 

0.53 

0.00 

0.84 

0.02 

0.70. 

ii-.y 

1 !!■: 

-0.04 

1.01 

-0.09 

Pyridine (pg^cig)-’ 

6.8 

-0.8 

10.2 

-2.5 

5.0 

-0.2 

3.1 

-0.2 

0.7 

-1.2 

7.8 

0.4 

6.0 

1 

11 ■' 

5.2 

10.0 

4.9 


Quinoline (n 


Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 
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598 1972). Brands with carbon-containing filters would be 

599 expected to influence the functional regression rela- 

600 tionships of vapor-phase constituents with a bias toward 

601 lower predicted yields for non-carbon filter brands. 

602 Similarly, some vapor-phase constituents would be over- 

603 predicted for brands with filters containing carbon. This 

604 influence was reflected in both the quality of the re- 

605 gression relationships (regression diagnostic statistics) 

606 and prediction interval width. 

607 Functional relationship models for vapor-phase 

608 constituents were consequently expanded to include a 

609 factor for the presence of carbon in filters. Multiple re- 

610 gression relationships W'ere developed using tar and an 

611 “indicator” variable of 1 or 0 for the presence or ab- 

612 sence of carbon, respectively, for the 39 exploratory 

613 brands. Again, regressions were weighted with the in- 

614 verse of tar yield. The results showed general, though 

615 moderate, reductions in root mean square errors and 

616 increases in for most of the vapor-phase constituents. 

617 Use of an “indicator” variable for filters with carbon 

618 does not take into account different filter constructions, 

619 different w'eights of carbon in those filters, or surface 

620 areas and activities of carbons used in various brands. 

621 Multiple regression adds a level of complexity to both 

622 relationship development and application of those re- 
62.3 lationships to predicting yields of other brands. The 
624 potential impact of carbon filters should be considered 


in assessing brand constituent yields and predicting re- 625 
lationships for vapor-phase constituents. The bench- 626 
marking approach would be equally valid if brands with 627 
carbon in filters were modeled separately from lho.se 628 
without carbon in filters. It in iKUcd that Fig. ] contains 629 
only the results for simple weigiiteu regression and not 630 
multiple regres-sion. 631 

5.2.6. Relative preettrtum crro.T 632 

To capture the ovciall impact of the different re- 633 
gression models on iirerliciioii errors for the validation 634 
brands, an a\ci;igc .ih^'ohitc relative prediction error 635 
(average AFI’I i >.v.is t alculated for each constituent. 636 
The relative iiurliciion error for a validation brand's 637 
constiluen* yielil is tlie difference in measured and pre- 638 
dieted yields rlividcu by the measured yield. The con- 639 
stiluent avernge ARPE was simply the sum of absolute 640 
relative prediction errors for each brand averaged over 641 
the nine validation brands. The average ARPE was 642 
compared to the coefficient of variation (%CV) for each 643 
constituent averaged over the nine validation brands. 644 
These averaged values are found in Table 4. For vapor- 645 
and particulate-phase constituents, prediction errors 646 
were generally within two standard deviations of the 647 
measured yield. Average ARPEs were therefore ap- 648 
proximately two times the respective average %CV. For 649 
smoke constituents measured at raicrogram and nano- 650 


Tabic 4 

Average measured yield coefficients of variation (%CV) and rtbsolulc rclalivo prediction errors for validation brands VI-V9 


Smoke consliiLienlvS 

Average 

%CV^ 

Average ARPE*' 


Smoke consliiuents 

Average 

%CV^’ 

Average ARPE^ 

Simple with 
tar (weighted) 
(%) 

Multiple: tar 
and carbon 
fiictor 
(weighted) 
(%) 

•Simple with 
(tar X filler 
(%) 

Simple with Simple with 
tar (weighted) (tar x tiller 
(%) TSNA)'“ (%) 

Acciaklchydc 

,10 

16 

15 

_ 

Formaldehyde 

15 

22 

_ 

Acetone 

8 

12 

11 


AmmoniEi 

8 

19 

_ 

Acrolein 

u 

18 

17 

— 

I-Aminonaphthalene 

14 

15 


Butyraidcliydc 

11 

37 

15 

— 

2-AminonaphlliaIcne 

12 

23 


Crotonaliichydc 

13 

25 

25 

— 

3-Aminobiphcnyl 

8 

17 


Methyl ethyl ketone 

9 

17 

15 


4-Amiiiobiphenyl 

6 

17 

_ 

Propionaldehydc 

9 

14 

13 


Beiizojc/Jpyrcnc 

9 

20 


Acrylonitrile 

7 

22 

19 

— 

Cfilcchol 

7 

18 

_ 

Benzene 

5 

11 

7 


/« & p-Crcsols 

7 

29 


1.3-Biitadienc 

6 

16 

13 

— 

w-Crcsol 

8 

27 

_ 

Isoprenc 

6 


10 

— 

Hydroquinoiic 

7 

19 

— 

Styrene 

13 

22 

16 

— 

Phcnnl 

8 

22 


Toluene 

6 

15 

10 

-- 

Resorcinol 

7 

10 


Hydrogen cyanide 

9 

21 

21 

_ 

Pvridinc 

14 

21 

_ 

Mercury 

9 

22 

19 

_ 

Quinoline 

9 

23 

_ 

Nitric oxide 

11 

na 

na 

26 

NNN 

11 

118 

17 

NitrOL’cn oxides 

10 

na 

na 

24 

NNK 

14 

na 

21 






KAT 

8 

na 

17 






NAB 

16 

na 

60 






Cadmhmi 

10 

21 

_ 






Lead 

21 

15 

- 


"Absolute relative prediction error = ((absolute prediction errorymeasiircd yield) x 100. 
= (measured yield standard deviation/nrcair measured yield) X 100. 
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651 gram levels, small differences in predicted and measured 

652 yields can result in large ARPEs. For example, the av- 

653 erage ARPE for the nine brands for phenol and pyridine 

654 were 22 and 21%, respectively. Those percentages would 

655 equate to average prediction errors of 2.1 and 1.8 pg. An 

656 ARPE of 21% for NNK yields would equate to an av- 

657 erage prediction error of 10 ng. Similarly, if the average 

658 predicted error for 4-aminobiphcnyI had been only 

659 1.0ng, the ARPE would be 50"/o. The calculated ARPE 

660 for 1-aminobiphenyl in this study was 17%. 


661 4. Discussion 

662 A benchmarking approach for providing reliable 

663 smoking machine-generated cigarette smoke constituent 

664 yield information was evaluated with a worldwide 

665 sample of commercial brands. The approach was ap- 

666 plied to mainstream smoke yield data obtained at 

667 standard ISO smoking conditions. Results for the di- 

668 verse range of brands supported the underlying as- 

669 sumption that smoke constituent precursors in tobacco 

670 were available somewhat uniformly across tobacco 

671 blends from the dill'erent regions. Mainstream smoke 

672 constituent yields increased with increasing tar, nicotine, 

673 or carbon monoxide yields. Machine-generated smoke 

674 tar and constituent yields are directly related to the 

675 amount of tobacco consumed during-puffing, which in 

676 turn is dependent on cigarette design, 

677 The execution and utility of a benchmark study are 

678 based on several key elements: 

679 (]) Test cigarette brands have design features repre- 

680 sentadve oj the marketplace of interest. Selected brands 

681 encompass the variation in. the market’s cigarette design 
6S2 parameters, including tobacco blends, filler construction, 

683 ventilation, cigarette paper.porosity, cigarette length and 

684 diameter, and processed tobacco components. Although 

685 this emphasis on ‘differences’ may result in weaker overall 

686 correlations due to wider brand design dispersion, the 

687 functional-relatiohShips and prediclive intervals will be 

688 more generally applicable to predicting yields for other 

689 individual brands within the market. Brand differences, 

690 rather than similarities, were also emphasized in the 1999 

691 Massachusetts Benchmark study (Borgerding, 2000). 

692 (2) Cigarettes for which .<:inoke constituent yields will be 

693 predicted have design characteristics within the boundary 

694 established by benchmarking test brands selected. There 

695 are two basic means of prediction in regression, i.e., in- 

696 terpolation and extrapolation. Interpolation is relatively 

697 robust in that predictions are made within the range of the 

698 data used to construct the functional relationships and 

699 prediction validity can be checked against actual obser- 

700 vations. Extrapolation involves more risk because pre- 

701 dictions are made beyond the range of original data. 

702 Regression model validity cannot be guaranteed beyond 

703 the dehned boundaries (i.e,, brand design features and tar 


range). This particular study is applicable to conventional 704 
lit-end Philip Morris brands manufactured in various 705 
regions and with design boundaries as defined in Table 1. 706 
Results from using these relationships to predict constit- 707 
uent yields of other brands for. v.hich brand design and 708 
quality are not known would bf < i]icii to question. Addi- 709 
tionally, these relationships vvoiiki not he applicable to 710 
unique product designs, .ai c I ui s i ho Philip Morris Accord 711 
or Oasis electrically beared oio;:r..'Uo smoking systems. 712 
(3) Brands are rrinsisfcnr orci nine. For benchmark- 713 
ing functional relaiimishipidio be valid over some time 714 
frame, ihe brands on whidi those relationships were 713 
based need to be re.asoriably consistent in design, qtial- 716 
ity, and components ’within that time frame. Brand 717 
consistency does not ensure that measured constituent 718 
yields will .not have variation, however. Any analytical 719 
measurement contains uncertainty, Sources and poten- 720 
lial magnitude of these uncertainties, and their impact 721 
on generating and using functional relationships should 722 
be recognized. The utility of the benchmark approach is 723 
determined by hovv closely predicted yields compare to 724 
measured yields, Prediction errors for smoke constitu- 725 
ents of the validation brands in this study were moderate 726 
when examined relative to other sources of potential 727 
variation. One source is the analytical variation for a 728 
particular cigarette brand .sample, as evidenced by the 729 
magnitude of the smoke constituent analyses standard 730 
deviations. Variation can be due to minor differences 731 
within the sample or to normal variation in analytical 732 
methods. Testing laboratories practicing sound quality 733 
control procedures will minimize and quanlitate, but not 734 
eliminate, analytical variation. 735 

Variability in method execution over time was esti- 736 
mated by comparing average constituent yields for the 737 
1R4F Kentucky reference cigarette reported by the 738 
contract laboratory for several company studies. Similar 739 
trends in measurement variation would be anticipated 740 
for other laboratories using internally validated meth- 741 
ods. Analyses were performed within an eleven-month 742 
period with the laboratory using the same methods 743 
throughout. Consistency of the reference cigarette was 744 
assumed. As seen in Table 5A, 95% confidence intervals 745 
for measured mean yields of standard smoke parameters 746 
(tai', nicotine, and carbon monoxide) were 5-7%. For 747 
other mainstream smoke constituents, the 95% confi- 748 
dence intervals for the measured mean yields were 749 
considerably wider. Smoke constituent 95% confidence 750 
intervals ranged from 8%i to approximately 50% (res- 751 
orcinol and NAB being most variable), with an average 752 
of 20% for all constituents. These confidence intervals 753 
were similar in magnitude to prediction errors in the 754 
current benchmark study. 755 

Another source of variation in smoke constituent 756 
yields can be the cigarette brand itself. Three potential 757 
sources of cigarette variability are described in Annex C 758 
of ISO Standard 8243 (1991). Short-tei'm variability is 759 
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Table 3 

Smoke constituent yield variation; (A) single production analyzed over time and (B) multiple produclions at points-in-tinie 
Analysis (A) IRdF reference cigarette (5 studies) (B) Commercial brand (9 production samples)’' 



Average 
of means 

Sid 

error' 

Upper 

95% 

CI“ 

Lower 

95% 

Cl' 

Cl % 
of means 
average 

Average 
of means 

Std error" 

Lri'pcr 

Lower 

95% 

cr 

Cl % 
of means 
average 

Tar (mg/cig) 

9.1 

0.3 

9.8 

8.4 

7 

6,1 

0 : 

fv - 

A,'-. 

6 

Nicotine (mg/cig) 

0.75 

0.02 

0.79 

0,72 

5 

0.53 

0.1 •: 

I'i 7 

■J.51 

4 

Carbon monoxide (mg/cig) 

119 

0.3 

12.5 

11.3 

5 

7.4 

04 


6.7 

10 

Acetaldehyde (^g/cig) 

560 

46 

649 

470 

16 

42« 


C4| . 

353 

IS 

Acetone (}ig/cig) 

296 

13 

320 

271 

8 

248 

24 


200 

19 

Acrolein (p.g/cig) 

47.0 

5.7 

58.1 

35.8 

24 

443) 

■1 7 

54.2 

35.7 

21 

Ruiyraldchydc (^ig/cig) 

33.8 

4.2 

42.0 

25.7 

24 


•i , 

37.3 

23.8 

22 

Crolonaldchydc (j.ig/cig) 

13.9 

1.4 

16.6 

III 

20 

9 ^ 

1.9 ■ 

13.5 

6.1 

38 

Methyl ethyl ketone (pg/cig) 

65.2 

9.0 

82.8 

47.6 

27 

52:3 ; 

. ■1.7 

61.6 

43.1 

18 

Propionaldehydc (|.ig/dg) 

50.1 

3.6 

57.2 

42.9 

14 

34.6 

5 

41.4 

27.9 

20 

Acrylonitrile C|ig/cLg) 

8.9 

().9 

10.6 

7.1 

2(1 

8:5 

2 3 

13.0 

4.0 

53 

Benzene (jig/cig) 

38.9 

4.1 

47.0 

30.8 

21 

.29.7 

4.0 

37.4 

21.9 

26 

1,3-Biitadiene (^ig/cig) 

40.0 

4.6 

48.9 

31.0 

22 

30.1 

3.3 

36.6 

23.6 

22 

Isoprcnc (pg/cig) 

359 

38 

433 

285 

21 

212 

30 

331 

212 

22 

Styrene (^lg|'cig) 

7.1 

0.5 

8.0 

6.2 

13 

2.0 

0,6 

3.2 

0.7 

63 

Toluene (tig/cig) 

63.9 

5.5 

74.8 

53.0 

17 

39.4 

8.5 

56.0 

22.8 

42 

Hydrogen cyanide (>ig/cig) 

122.9 

8.6 

139.9 

liio.o 

14 

56 

4 

64 

48 

14 

Nitric oxide Cl^g/cig) 

295 

14 

323 

,267 

9 . 

149 

9 

168 

130 

12 

Nitrogen oxides (pg/cig) 

308 

16 

340 

277 

10 

— 

_ 


.. 

_ 

i-ormaklchydc (pg/cig) 

20.8 

3.7 

2S.0 

13.7 

34 

9.6 

2.1 

1.3.6 

5.6 

42 

Ammonia (jig/cig) 

13.4 

0.6 

14.6 

12.1 

9 


__ 

_ 

_ 

_ 

1 -Aminoniiphthale tic: (iig/cig) 

17.6 

2.2 

21.9 

13.2 

25 

_ 

_ 

_ 

_ 

_ 

2-ATninonaphthalcnc (ng/cig) 

11.3 

0.8 

12.8 

9,8 

13 

_ 

_ 

_ 

_ 

_ 

3-AiTiinobipheiiyl (ng/cig) 

2.86 

0.21 

3.28 

2.45 

14 

— 


_ 

_ 

_ 

4-Aminobiphenyl (ng/cig) 

2.17 

0.14 

2.44 

1.91 

12 


.... 

_ 

— 


Bunzo[w]pyrene (ng/cig) 

6.95 

0.33 

7.60 

6.29 

9 

5.19 

0.21 

5.60 

4.78 

8 

Bcn 2 [^f]antliraceiie (ng/cig) 

— 

— 

_ 

_ 

_ 

9.54 

0.67 

10.87 

8.22 

14 

Catechol (pg/cig) 

37.6 

3,0 

43.4 

31.8 

15 

_ 

— 

_ 

_ 

_ 

w & ;:f-Crcsols (pg/cig) 

7.8 

0.7 

9.2 

6,4 

18 

_ 

_ 

_ 

_ 

... 

c-Crcsol (pg/dg) 

3.20- 

0,34 

3.87 

2.53 

21 



_ 

_ 

_ 

Hydroquinonc (pg/dg) 

40.3 ■ . 

2.9 

45.9 

34.7 

14 

_ 

_ 

_ 

_ 


Phenol (pg/cig) 

10.4 

1.6 

13.5 

7.3 

30 

— 

— 

_ 


_ 

Rcsoicijiol (pg/cig) 

0.72-; 

0.20 

1.11 

0.,32 

55 



_ 

_ 

_ 

Pyridine (pg/cig) 

7:6 

0-8 

9 1 

6.1 

20 

— 

— 

_ 

_ 

_ 

Quinoline (pg/citf) 

0.30 

0.02 

0.34 

0.25 

15 

.._ 


_ 

— 

_ 

NNN (ng/cig) 

...115.4 

14,9 

144.7 

86.2 

25 

87.6 

6.8 

100.9 

74.2 

15 

NNK (ng/cig) 

■ 91-.7 

166 

124.2 

59 1 

35 

65.6 

8.5 

82.2 

49.0 

25 

NAT (ng/cig) 

132.4 

16.2 

164.1 

100.6 

24 

80.4 

5.8 

91.9 

69.0 

14 

NAB (ng/cig) 

' 25.7 

6.7 

38.9 

12.6 

51 

9.5 

0.8 

11.1 

7.9 

17 

Cadmium (ng/cig) 

64.4 

2.9 

70.0 

58.8 

9 

_ 

_ 

— 

_ 


Lead (ng/cig) 

36.7 

1.5 

39.6 

33.7 

8 

_ 

— 

.... 

_ 

_ 

Mercury ^ng/cig) 

5.5 

0.5 

6.5 

4.5 

19 

_ 

— 

— 

— 

_ 

Arsenic (ng/cig) 

4.7 

0.8 

6.2 

3.1 

33 

■- 


— 


— 


"S' 'i .l,i:.l error = standard deviation of means. 95% Cl = ±(1.96) (standard error). 
’’Smoi-.e constituents without entries were not monitored in all 9 production samples. 


760 aUributed to minor fluctuations in tobacco blend, lo- 

761 bacco weight, or non-tobacco components (e.g., paper 

762 permeability, filter ventilation level) during rnantifac- 

763 luring. Medium-term variability reflects short-term 

764 variability plus batch-to-batch changes in non-tobacco 

765 components, tobacco grades, and machinery perfor- 

766 mance. Long-term variability can include crop year 

767 dilTerences or machinery replacement, for example, and 

768 are additive with short- and medium-term variability. As 

769 previously noted, natural products such as tobacco are 


subject to crop-year weather variations, regional agri- 770 
CLillurai practices, and tobacco processing differences. 771 
Tobacco blending from different crop years minimizes 772 
these differences, but some degree of medium- and long- 773 
term variation is expected. For this rea.son, a smoke 774 
constituent yield measured for a brand produced today 775 
could vary somewhat from the yield for the same brand 776 
produced at another time. 777 

An example of typical smoke constituent yield varl- 778 
ation for a single brand produced at different times is 779 


PM3006878500 


Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 





M.E. Counts cl (li } Regulatory To:-.f--oks .-y and Phaiwacohgy x ■■ (2004) .xxx-x? 


n 


780 seen in Table 5B. Selected smoke constituents were an- 

781 alyzed over a nine-month period by a company research 

782 laboratory. The measured yield variation encompa.sses 
78.^ short- and medium-term brand variation and also in- 

784 hereni method variation. A significant point of the in- 

785 formation in Tabic 5B, is the magnitude of the 95% 

786 contidence intervals around the mean srnoke constituent 

787 yields. Again, tar, nicotine, and carbon monoxide vari- 

788 ation was relatively low. The average of all 95% confi- 

789 dence intervals for other analyzed smoke constituents 

790 was ±25% of the means for this time period, with a 

791 range of 8-63%. Those with the larger confidence in- 

792 tervals tended to be constituents present in lower con- 

793 centrations. Those intervals are only moderately greater 

794 than the confidence intervals around the means fcr the 

795 1R4F reference cigarette tested by the contract labora- 

796 tory at various points in time. The intervals are also 

797 similar in magnitude to the average relative prediction 

798 errors for the validation brands in this current bench- 

799 mark study. 

800 These two examples of smoke constituent yields vari- 

801 ation support the premise that the predicted yields and 

802 prediction intervals are valid options for providing smoke 

803 constituent yield information for conventional cigarette 

804 brands represented in that study design. The 95% pre- 

805 diction intervals generated from the regression functions 

806 provide reasonable expectations of the variation for 

807 brands at some average tar, nicotine, or carbon monoxide 

808 yield level. As noted before, flue-curing practices are in 

809 transition in the U.S. domestic niarket. This should be 

810 reflected in smoke TSNA yield reductions for U.S.- 

811 sourced products as these tob are blended into to- 

812 bacco leaf inventories over 'tli: ne.ri several years. 

813 [4) Constituents are \tnaJyz<-J /-y a [fixed laboratory. 

814 As there are currently no utiiversally recognized and 

815 validated smoke constituent analyses methods, detcr- 

816 mining smoke constituents yields in a single laboratory 

817 or only among laboratorie.s where inter-laboratory-val- 

818 idated methods are used would provide prediction 

819 consistency. BeiicHmarking utility can be severely coni- 

820 promised when constituents are analyzed in different 

821 laboratorie.s at different times wilhout method stan¬ 


dardization. To illustrate the potential for inconsisten- 822 
cies, Purkis et, al. (2003) compared ISO-smoke 823 
constituent yields for three brands tested by six labora- 824 
lories. Each laboratory used its i: wn internally validated 825 
methods. All laboratories repmted the same relative 826 
ranking of brands’ constitiicui. yickls, but there were 827 
significant differences among labi.iraiorics for particular 828 
constituent yields. Ralni.s ,nl hivhesl to lowest inter- 829 
laboratory yields ranged iinin I 2;(ur) to 10.0 (quino- 830 
line), with an average i .uio ,> 10 .;< tor ail constituents by 831 
all laboratories. In Li'iurast. «ithm-laboratory measured 832 
constituent yield C\i ■.vere 6-9%. 833 

A benchruai k :i|ip]n.icli has the potential to provide 834 
reliable prcilicicd sniokc constituent yield information, 835 
as denioiisitntcd hy this study. Differences between 836 
predicted and measured yields should be assessed in the 837 
context of rea-nnable analytical variations and short- 838 
and medium-term product variations. Benchmarking 839 
study design should include a validation process. The 840 
split-sample design used in this study was one approach 841 
to independently validate the functional relationships. 842 
The separate validation brand set was used to as.sess the 843 
relationships through respective prediction errors. 844 
Those prediction errors provided guidance on the ro- 845 
business of the benchmark study design. A significant 846 
number of validation brands having constituent yields 847 
outside the predictive intervals would indicate the model 848 
was inappropriate or based on an inadequate represen- 849 
ration of rnarkel products. By successively adding new 850 
brands to the benchmark exploratory and validation 851 
brand sets over time, the functional relationship base 852 
can be expanded for more accurate prediction of con- 853 
stituent yields. Finally, these data and predictions are 854 
limited to machine-smoking only. 855 
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Appfindix A. Results of ISO-mcthod mainstream smoke constituent yields for exploratory brands (EI-E39) and validation brands (V1-V9) (mean ± standard 
deviation) 


fitdiid 
(rode (IJ 

Brand/region (2) 

1 

T(ir 

(lilg/cig) 

Nicotine 

(ing/cig) 

Carbon 

nioiioxidc 

(mg/cig) 

Acetalde¬ 

hyde 

(I'B/cig) 

Acetone 

Acrolein 

{pc/Clg) 

Butyralde- 

hyde 

(Hg/cig) 

Croionalde- 

hyde 

{pg,/cig) 

Methyl Propional- 

sthyl ketone dehyde 
(t‘S,''ag) (Ogii'g) 

El 

L&MKSrJlP/CU 

12.6 ±0*6 

. 0,81^0.03 

II.5 ±0.5 

598 ±5 

330±I2 

57.6 = 3.0 

40.8 ±2,1 

23.3X0.9 

74.5X3.7 

59,312.8 

E2 

Merit KS F HP;FU 

7.0 ±0.4 

0.54-1.0.03 

8.1 ±0,5 

384 ±20 

224 ±5 

35.8x2.1 

25.811,5 

10 .0x1.1 

46 1 ±1.9 

36.4 ±2,7 

E3 

Marlboro KS F HP (NonvayVEU 

;i3J±0.7 

6.93:1:0.05 

11.3 ±0.8 

54U±85 

287 ±34 

51.0x7.7 

33.915,2 

I9.5±3,2 

65,6±8.9 

50.217.1 

C4 

Chesterfield INTL KS F HP ULt/EU 

. 3.4±0;2. 

0.30x0.01 

3.4 ±0.2 

148 ±10 

108 ±5 

12.5 = 0.9 

Il,4±0,7 

NQXNQ 

17.6±0.9 

14.311.3 

E5 

Parliament 100 FSP/CEMA 

'10.2 ±0^4 

0.77 i.0.04 

10.2 ±0.5 

409 ±41 

201 ±29 

31.4 = 5.9 

20.9 ±3,0 

f).6± 1,3 

3I.8±5.8 

33.615.0 

Eft 

Philip Morris One KS F HP/EU 

1.6 ±0,2 

0.16:d;0:0l 

.2.0±(l,2 

76 ± 12 

65 ±7 

5.4±1.! 

6.2 = 1.1 

Ny±NQ 

8.0= 1,5 

7.1 ±0,9 

E7 

Marlboro Long Size F HP (Argcntina)/Latin 
.America 

l.3.9±(),5 

1.0U±0.04 

-l}.4±0,fi 

626 = ,16 

344± 13 

6I.9±3.6 

40.3 = 1.8 

24.9± 1.6 

76.4.1:4.7 

.59,5 = 1,9 

E8 

Parliament KS F HP Lt (Japan)/US Export 

7,0 ±0.4 

0.57 7h 0.03 

7.7±0,.l' . 

218 = 41 

1 n ± 24 

I4.R±2.7 

11 .0=1.8 

HQXNQ 

16.6-.3,7 

15,813.3 

Ey 

L & M KS F HP Ll/EU 

8,4 ±0.4 

0.58 ±6.03 

8.4 J. 0,3 

397-; 21 

220 ±8 

35.6 ±1,9 

26.0=1,8 

10.9±0.9 

45.1 = 1.9 

36.111,9 

ElO 

Marlboro Long Size F HP (VeTie7uela)/Latin 
America 

13,1 ±0.S 

0.91 ±0.05 

11.1 :i,0,7 


276 ±33 

45.7 ±6,0 

32.2 = 3.8 

17.Si3,5 

59.3X7.6 

48.2 = 6,5 

Ell 

Marlboi'o KS F HP fTaiwaiiVUS Export 

ll.6±0.y 

0.93 ±0.04 

9.6 ±0.6 

3B4.±46' 

203 = 22 

32.1 ±3.8 

21.912.8 

8.0±1.4 

37.2X5.0 

33.313.3 

El 2 

F6 KS F HP Lt/EU 

8.4 ±0.4 

0.71 ±0.04 

8.6 ±0.4 

363 ±53 

209 = 20 

33.0 ±5.3 

25.312.9 


46.2X4.7 

34.1 ±3.5 

EI3 

Virginia Slims 100 F HP Men ] mg (JapanVUS 
Export 

0.9±C.l 

0 .10±0.01 

l.UO.l 

32 ±12 

4616 

NQ±NQ 

NQXKQ 

RDL-hBDL 

NQXNQ 

NQ±N{J 

EI4 

Marlboro KS F HP Li (Germany/ 

Great Britain)/EU 

5.9±0.3 

0.53 ±0.03 

6.4 ±0.2 

323 ±43 

182=13 

.30.1 ±4.2 

21.412.6 

7.0X1.1 

36.3 ±3,6 

30,7 ±3.5 

EI3 

Virginia Slims 100 K HP L'Lt Men (Japatiyus 
Export 

2.7 ±0.2 

0.23 ± 0-02 

3.1 ±0 3 

II4±23 

95±17 

8-7 ±2,1 

8-811.8 

NQ :i NQ 

13.3 ±3.0 

II.O 1 2.0 

EI6 

Ptirlifiment 100 F SP Ll/US 

11.6 ±0.6 

0.95 ±0.05 

11.4±0.6 

4S1±29 

239 ±10 

38,6 = 2.8 

26.1 ±1.8 

8.8 iO.9 

44.0X2.6 

41.0 1: 3.4 

EI7 

Marlboro KS F SP/US 

H.2±0.5 

1.02 ±0.04 

12.9 ±0.6 

601 ±43 

3I8±12 ■ 

■ 55.4=5.8: . 

39.7'±.3.6 

20.1 r: 2.4 

71.7 1-6.3 

55.7=4.6 

EIS 

Mitrlktro 100 F HP/EU 

12.6 ±0.5 

0.93 ±0.04 

ll.6±0.6 

5.54 ± 33 

291 :l: 18 

51.3 --3.4 

35 8 i 7.6 

l7.4-rl.4 

67.3X5.1 

51.513.0 

EI9 

Marlboro 100 !• HP Ll (Gerraany)/EU 

6.9 ±0.2 

0.63 ±0.02 

7,1 ±0.4 

31! ±39 

178±14 

27.5.14.7 

19.5 = 2.3 

6 .0-!-!.! 

34.4X3.5 

28.613,4 

£20 

SG Regular F SP/EU 

11.J ±0.5 

0,67 ±0.03 

9,1 ±0.4 

488 ±45 

267 ±22 

4413 ±4.. 7 

33,7 ±2.3 

20.5± l.« 

61.8X4.6 

47.0±4.5 

£21 

Miiralti KS r HP ULt 1 mg/CEMA 

1 .0±0.2 

0,11 ±0.01 

l.3±0.l 

57± 11 

59 ±9 

3.610.7 

5.4 ±0,8 

NQXNQ 

6.6 X 0.6 

5.7 ±0.6 

£22 

Diana KS F SP Specially Mild/EU 

9.7 ±0.3 

0,74 ±0.0.3 

8 .8-0.3 

390 ±63 

223 ±26 

39.118.1 

27.714,5 

13.9X2:4 

48.7 i" 

39,2 ±5,6 

E23 

Mnraiti Amba.ssador KS F HP/EU 

8.4 ±0.4 

0 65 ±0.05 

75-0.4 

288x4.3 

146 ±22 

19.713.7 

15.411 9 

4.9 ±0.9 

24,7 X 4.U 

23.613.4 

E24 

Menl KS FSP ULt/US 

4.9 ±0.2 

0 46 ±0.03 

5.9-0.3 

2,54 ±50 

165 ±28 

20.414.7 

19.513.9 

5.«± 1.7 

H f ' 

25.0 ±4,6 

£25 

Petra Regular F HF/CEMA 

13.3 ±0.6 

0.b5±0.03 

11.2 = 0.4 

5I5±71 

287 ± 34 

43.816.1 

37.614.3 

20 ^ ^ 

,;,y " 'x 1 

47216,4 

E26 

Murlboio KS F HP ULl Men/US 

3.9±0.5 

0.49 ±0.04 

6.9 = 0.4 

277 ±48 

170 ±25 

25.714.0 

20.5 = 3,6 

(■ '± l.b 

. .0 -'.I 

=' ‘±3.5 

E27 

Diana KS F IIP ULt/EU 

> F HP (Malaysial/Asia Pacific 

3.0 ±0.2 

14.4 

0.29X0.02 

3,3 ±0.2 

146 ±16 

103 _ 12 

13.0_2.0 

10.9=1.2 

NQ_NQ 

r. I'l '' 

'4,6= 1.8 



Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 
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E2R 

Marlboro K! 

+ 0.5 

1.03 ± 0.04 

11.910.7 

604 = 28 

316+19 

58.713..5 

43,8 + 3.5 

23,312.1 

69.215.1 

60-4 + 3.5 

E29 

Marlboro KS F HP 25>s (Australiii)/US Export 

!3,li-0,6 

0.98 ±0.05 

12.310.9 

517145 

291 ±29 

47.4 = 3.6 

36.214.5 

17.6 = 7.7 

62.616.9 

49,713.6 

E30 

Marlbom KS F HP {IfspanV.Tapan 

12 1 = 0,5 

1.04 ±0,05 

11.210.6 

481 = 31 

7.57 ± 14 

36,6:- 2.8 

73.917 2 

9 7 ! 1,1 

46 21 3.9 

39 5 17.6 

E31 

Longbeach One KS F IIP/Australia 

].2±0.l 

0.15 ±0.02 

1.610.1 

113119 

9617 

8.711.5 

8.211.0 

NQIKQ 

15.0 = 2.4 

11.1 1 1.7 

Ei2 

Chesterfield Originals KS F HP Lt/EU 

8.0 ±0.5 

0.59 ±0.02 

8.310.4 

432142 

243 119 

41.313.1 

27.012.5 

12.41 1,1 

51.715.1 

40.4 = 3.0 

E33 

Philip Morris 100 F HP Super Lt/EU 

3.3 ±0.3 

0.33 ±0-02 

3.510.2 

161111 

115 + 10 

13.011.0 

12.210.7 

NQlNQ 

19,4 + 2.2 

14.9 + 1.2 

E34 

Chesterfield Originals KS F HP/HU 

II.9 ±0.5 

0.80 = 0.04 

11,7 + 0.7 

586+36 

319 + 19 

57.013.7 

36.812.6 

22.612.3 

74.7 + 5.9 

53.5 + 4.2 

E3S 

Marlboro KS F HP Medium/EU 

9.6 ±0.4 

0.72=0,03 

10.0±0,7 

458 ±,36 

262115 

41,2 + 2.6 

19.2 = 1.4 

13.5 + 0.9 

.57.9 = 3.5 

42.9 ± 3,8 

E3fi 

Virginia Slims 100 F HP ULt Men/US 

5.1 ±0.3 

0.45.1 0.02 

4.9 + 0.3 

2071 34 

!39± 17 

20.513.7 

14.411.8 

4.6 ± 1.0 

24.6 = 3.9 

20.0 .L 2,4 

t37 

Marlboro KS F HP ULt/EU 

3.0 = 0.2 

0.29:1:0.01 

.1.510,1 

150 ±5 

105 = 7 

11.SI 1.0 

10.410.7 

NQ=NO 

16.5 + 0.9 

14.0.1:1,1 

TM 

L & M KS F TIP (MaUysinl/Asibi Pacific 

13.5 = 0,4 

1,01 ±0,03 

10.4±0,3 

391 ± .53 

292 = 15 

57.2 ±6.3 

39.3 ±3.5 

21,8 + 2.4 

64.3 + 4.6 

54.6 + 4.7 

Fjy 

Marlboro KS F HP Lt (JapanyJapnn 

5.9 ±0,3 

0.44 ± 0.02 

6,810,4 

227122 

126113 

16.7 J 2.2 

11.0 11.0 

NQ1 Ng 

17.812.3 

18.212.5 

VI 

Marlboro KS F HP Lt (NorwayVF-U 

S..3 + 0.4 

0,69 10.04 

S,5±0.4 

363 + 41 

201 ± !7 

30.8 + 4.6 

24.7 + 3.7 

10.9+1.7 

41.814.2 

32.813.9 

V2 

Rafflc.s 100 F HP/EU 

12.,3 + 0.5 

1 I9±0,l0 

12.8 + 0.7 

643 = 40 

335+ IS 

60.314.5 

47.5+3.3 

28.313.9 

78.016.1 

56.413,3 

V3 

Chesterfield KS F HP Lt/EU 

6.3 ±0.2 

0,5410.04 

7.310,3 

319,= 17 

176 + 10 

27.6 ± 1.5 

20.9 + 1.5 

'8.9± 1.1 

.34.512.8 

28.1 ±1.7 

V'4 

Philip Morris KS F HP Super Lt/EU 

4.1 ±0.4 

0.40 ±0.03 

4.010.3 

1471 16 

97l9 

12.1 + 1.6 

11.411.2 

NOlNO 

15.9+1.7 

13.8=1.6 

V5 

Merit KSFSP Ultiina/US 

1.3 ±0.2 

0.BIG.01 

2.410.1 

1291 13 

R7±5 

9.7+ 0.8 

10211.6 

NQ + NQ 

13.4+ l.l 

n.811.1 

V6 

Marlboro 100 F HP Lt/US 

9.6 ±0.4 

0.8010.05 

10.710.3 

461161 

262130 

42.6 ±6.4 

33.1 ±4.2 

15.812.6 

53.9 + 6.1 

42,6 + 4.5 

V7 

Peter Jackson KS F HP Men/Ausiralia 

7.4 ±0.4 

0.72 ±0.06 

R.310.4 

3961 31 

224- 15 

39.913.2 

27.011.6 

16.511.9 

48.4+3.5 

35,4 + 2.6 


Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 
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V8 

Marlboro K.S F HP [Mexico)/Laiin America 

13.2±0.5 

l.l3±0.tJ6 

12.1 =0.5 

520 = 49 

298=26 

50.715.3 

35.7X3.2 

22 .8+2.8 

62.8+6.4 

47.8 + 4.3 



V<) 

MurJbora KS F HP [BrazifVLatin America 

J2Jd:M.7 

0.97 it 0.09 

Jl-4+0.5 

527 + 64 

288=25 

47.716.4 

36.9 + 4.7 

22.8 + 3.0 

64.2+ .5 4 

48.0+54 



Rl 

IR4F Xeniucky Reference 

1 +f].4 

0.71 + 0.04 

l!.6+n.6 

574 + 57 

112 1 22 

46.3 1.4.8 

38.8 + 1.6 

14.9:1 1,5 

75.0 + 6.4 

55.9 + 5.6 



R2 

IR4F Kentucky Reference 

8.9 :t 0.4 

0.77 + 0.07 

12.2 + 0.5 

5i8+43 

282 + 21 

38,5 ±3.4 

36.1 + 5.5 

I5.4t],5 

63.8+ .5.4 

48.1+3.8 




Formaldehyde (pg/cig) 

Acryioni- 

Bencene 

1.3-BuUl(li- 

Isoprene 

Slyreiie 

Toluene 

Ammonia 

Hydrogen 

Nitric 

Nitrogen 

1-Amino- 

2-Anuiio- 



Irik' 

(lig.teig) 

enc 



(okI's) 

(OSi'c'g) 

cyanide 

o.xide 

oxides 

napbihakDC 

napliihalcne 










(EB/'C'S) 

(ES/eij) 

(ES./cig) 

(nt'/eig) 

(ng.''“e) 

Ei 

42.8 ±2,4 

lO. ±0.7 

44:fi±2.6 

45.513.4 

3561 18 

iO.5 ! 0.7 

69.9 ± 5.3 

17.5+1.3 

M6.6 : 7.1 

153111 

155 + 10 

17,513.1 

10.711.6 

E2 

20.9 ±3 4 

■■(. Ol'-' ^ 

i2.b± 1.4 

35.411.7 

2951 13 

5.2 + 0.3 

48.7 + 2.7 

11.2 E I.O 

61,6 + 4.5 

1411 14 

145+17 

H.611.U 

7.610.7 

hi 

38.2 ±7.6 

'l0.7^i.'- 

43.6+1.5 

45.7±2,9 

385 ± 21 

9.3 + 0.6 

67.6 + 2.9 

17.8:1 1.5 

114.4 + 8.0 

156116 

158 + 16 

18.212.1 

I1.I1I.2 

E4 

6.7 ±2.1 

; - . 3 

r.^d:hi 

r.'>±1.4 

150± 11 

2.5X0.3 

24.2+ 1.8 

5.6 + 0.5 

13.4X2.0 

.5913 

61 +5 

7.811,1 

4.710.7 

E5 

23..3±2.9 

5.M'' t 

:^:±L9 

V';.±l 

286;!. 23 

2.7 ±0.2 

2R.7 + 2.6 

17.8+1.5 

58.5 + 6.8 

184118 

186+18 

19.812.R 

11,9 ± 1.7 

E6 

3.410.7 

1 ;-10.2 

r.':-±0'> 

1 ' 1 - 

1301 12 

1 .4 1 0.1 

13.9 .t 1.6 

4.4 ±0.5 

6 .8+ 0.8 

6713 

69 + 8 

5.910.7 

3.710.4 

E7 

52.1 ±5.2 

11.310.7 

44.] J ":.i 

4l :■ .■, 

475134 

10.2 + 0.7 

66 .0+2,6 

16.2+1.8 

132.5 + -1.5 

177111 

J82+1I 

15.7 = 2.6 

9.911-6 

E8 

10.8 ± 1.2 

3.610.4 

15.] ii ^ 

T , 

r>' ;10 

1.9 ±0.3 

20.5 + 1 4 

12.7+1.1 

28.7 + 2,9 

161 +14 

162+14 

14.8.^ 1.2 

9410.5 

E9 

24.8 ±4.S 

7.nin.3 

14.7- 1.,:. 

14 (. 1. 1 

2 :i 111 

5.9 ±0.6 

52.3 + 2.4 

11.5-1.7 

58.3 + 4,5 

115115 

117+16 

13.812.1 

8.611.2 

Eia 

35.2±4.5 

9.810.3 

37.7-1.: 

:■ ■ 

. 4)4 ±20 

7.7 + U.4 

58.9 + 4,1 

19.7+1.9 

112.8 + 5.8 

148 ± 11 

151 + 12 

20.412.6 

12 111.2 

Ell 

24.1 ±5.9 

5.910.4 

26.6 + ].K 

36.4 . .1.7- : 

3:131+ 

II 

X- 

37.2 + 3.2 

22.2 + 0.9 

99.5 + 7.1 

231126 

239 + 26 

21.412.3 

13.411.7 

Eli ■ 

31.216.3 

4.910.3 

35.0 + 2.8 

35.4 ±3,0. 

,276118 

5.010.3 

49.5 + 6.1 

10.0+0.7 

73.2 + 5.3 

58111) 

60+ 10 

10.712.2 

6.511.0 

EI3 

1,6 ±0.6 

NQINQ 

6.3 + 0.5 

6.410.2 

7413 

KQl NQ 

NQ + NQ 

3.2+0.3 

.1.4 + 05 

31 ±3 

32 + 3 

3.210.S 

2.210.3 

EI4 

22-116.7 

3.710.3 

25.9+1.1 

30,811.6 

270116 

.1410,3 

35.6 + 3-0 

9.3 ±0.6 

45.6 + 4.4 

78±16 

81 + 15 

10.7 = 0.8 

6.9 1;0.7 

E15 

3.5 t 1,0 

1.710,1 

16,0+ 1.5 

16.111.6 

1641,8 

1.310.2 

il.5:=3.2 

6.3 ±0.5 

15.4+1.7 

Sl±13 

83 = 14 

8.911,7 

5.610.8 

E36 

29.9 ± 6.7 

5.310.3 

20,2+ 1.9 

37.711.4 

330= 15 

2,7 .1.0.4 

35.0 :i 4.2 

22.2+1.3 

106.5:18.0 

223116 

251 = 15 

21.512.2 

I3.3± 1.6 

E17 

33.0 -1 S.5 

10,0 lO.S 

45.2 + 3.J 

59.813.1 

484=31 

8.810.7 

68.8 + 5.5 

25.9 + 0.6 

194.4+ 12.7 

2421 14 

254+15 

22,514.1 

13.8X2.1 

Eie 

36.6 ± 8.8 

8.710.7 

43,313.4 

45.911.2 

411 _ 17 

7.3 ; 0.5 

66.0 + 5.6 

21.7 + 0.7 

120.2+ 12.9 

153114 

159+ 14 

22.413.8 

13.311.0 

E!9 

I3,5±3.0 

4.8 = 0.6 

30.2 + 2.5 

3I.9± 1,8 

299117 

3.710,4 

41.2+4.9 

10.4+0.2 

51.0 + 2.9 

8719 

90+10 

14,912.2 

8.911,6 

E20 

4I,7±5.3 

8.2 = 0,6 

31.8 + 2.2 

35.212,9 

281115 

9.410 8 

47.U X .1.6 

12.7 + 1.2 

107.1 +6.7 

81111 

85+ i 1 

13.742.4 

8.510.8 

E2I 

2.210.3 

NQINO 

6,110.5 

6.610,4 

7013 

0.9 1 0.4 

NQ L NQ 

XI ±0.3 

4.3 L 1.0 

2R15 

29 + 5 

5.410.8 

3.410.5 

E22 

24,314.8 

8.310,5 

37,6 + 2.2 

36.812,4 

313121 

8.710.5 

5.5.2+ 3.3 

12.9+ \.i 

99.5 + 7.1 

10119 

104=10 

15.212.9 

10.2 L1.7 

E23 

18.912.0 

3.610,7 

(7.610,6 

25.010.9 

IS2±S 

2.711.1 

24.2+f.6 


42.7 + 3.9 

5.513 

57i3 

16,61.3,6 

10.011.5 

£24 

8.511.3 

4.410.3 

23.0+1.2 

23.011.4 

233 1 16 

4.0-1 0.5 

30.7 1. 3.3 

■8:8 ±0.9 

51.4:: 5.8 

115117 

119 + 19 

14.412.5 

9.311.0 

£23 

41.817.9 

9,510.5 

40.0 + 2.6 

38-511.5 

3071 10 

11,6 1 0.5 

62.8:1: 5.3 

I7.2±.],() 

126.0 + 9.7 

8617 

89 + 7 

16,812.0 

10.711.4 

£26 

9.711.6 

5,410,2 

28.2+1.2 

28.211.6 

2701 13 

3.710.7 

37.5 + 2.0 

10.9 + 0.6 

64.2 + id . 

13718 

142 + 8 

16,013.3 

10.511.4 

E27 

6.010.9 

2 .J10..1 

}5A± \J 

14.910.9 

1.36 + S 

2.1 ±0.3 

J 9,1 +2.2 

5.3 ±0.6 

(5;2+l.S 

3815 

39+5 

8.911.2 

5.810.9 

E2S 

28.112.4 

11.711.2 

44.]+ 4.5 

43,912.2 

403 1 30 

11.611.2 

66,8X7.9 

29.0+1.1 

mst9X ' 

216 : 





Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 
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E29 

2 S.2±0.8 

10.5i0.7 

42.3 ±2.4 

43 3 + 2.8 

439 ± 20 

9.410.8 

63.114.3 

23-110.6 

166.7+11.2 

±23 

191 +26 

226+24 

201+27 

27.0 + 3.2 

23.4 + 3.4 

17.2 + 0.9 

15.2 = 2.2 

FJfl 

2S>.4±3.0 

6.1 iO.'l 

24.5= J-4 

36.1 + 1,3 

278 ±13 

4.310,6 

.34.212.8 

]6.S = f)7 

77.i±S.f, 

170 + 16 

179 + 20 

23 8 + 3.0 

15.3= 1,4 

E3I 

3,5±0.6 

1.3i0.1 

1 L2±0.6 

11.3 + 0.7 

94 ±7 

1 710.5 

14 51 16 

NQ1NQ 

58 + 0 7 

13 + 7 

n + 3 

4 4 + 11 7 

2.9 + 11 4 


21.2 + 2.5 


29.7 4- L3 

33.2 tO.S 

272 ±8 

4.6 .1:0.7 

44.712.3 

12.010.4 

62.I + 5.C 

91 + 11 

96+12 

14,8+1.1 

10.1+0.4 

E33 

6 .2±l.l 

2.6 = 0.2 

16.7±0.9 

17,2 L0.5 

I56±5 

2.510.4 

22.7 = 2.9 

6.310.2 

16.2+1.6 

60+11 

62 + 12 

11.2 + 0.7 

7.8 = 0.4 

E34 

33.2 + 2-5 

9.9±n.S 

37.6± 2.1 

42.9 i: 2.9 

357±!0 

9.6 .1:0.8 

58.0 = 4.0 

16.810,9 

I30.«+ 10.5 

118 + 9 

123+ 10 

16.9+ i.4 

10 .8±i,0 

E35 

26.7 + 1.1 

6.9 ±0.4 

33.0±1.6 

34.4 + 1.0 

284 ±6 

6 ,210.6 

50.512.8 

13.910,9 

90.4 = 8,2 

123+12 

130= 13 

16.7+1,4 

11 .8+1.0 

E36 

9.1 ±1.4 

3.7 ±0.4 

19.7±I.O 

21.2 + 1.2 

199±]2 

2.910.4 

28.512.0 

10.210,9 

35.3 = 5.8 

111 + 15 

114+15 

14.0+1,7 

9.5+ 1.2 

E37 

S.5 + 0.6 

2 .2±0.1 

14.7±0.6 

16.1 ±0.9 

15016 

2.110.5 

19.410.7 

5.310,5 

13.6+ 1,1 

42 + 3 

44+3 

9.1 +0.5 

6.3 ±0.3 

E38 

33..5 + 4.6 

10,5±0.4 

3«.5±1.5 

43.2= 1.9 

412115 

9.910.9 

61.812.4 

20.410.9 

151.1 + 11.5 

179+ 16 

188+ 18 

25.8 + 3.9 

16.7+1,5 

E39 

14.1 +2.1 

2.4 ±0.2 

12 .K±0.y 

20.7+ 1.0 

13217 

1.910.5 

18.1 11.3 

S.910.4 

23.7 + 3.1 

87+ 16 

90+ 17 

11,7+1.2 

7..5+ 1,1 

VI 

19.0 + 3..5 

7.4 ±0.6 

30.7 ±1.9 

35.0 + 2.1 

291 ±19 

5.910.6 

47.813.6 

14.011.0 

68.3 + 3.7 

106+ 10 

113=10 

15.6+1.3 

9.8+ 1.1 

V2 

40.6 + 6.7 

M.J±Ci.S 

44.4±2.8 

.54.1 .+ 5.6 

466143 

1Q-411.4 

67.513.3 

12-4 ±1,2 

134.8+ 11.7 

I18±I4 

126+13 

18.1 + 3.2 

9.8+1.3 

V3 

17.3 + 1.9 

ii.5±0.2 

25.4±1.5 

29.3 ± 2.6 

244 1 21 

4.610.7 

38.212.5 

9.7± 1.4 

52.8+ 5.S 

62 + 7 

67 ±7 

12.6 + 2.0 

7.5 + 10 

V4 

8.0 + 7..n 

3.2-1 0-3 

17.0 t 1.1 

194+0.9 

1791 11 

2.9-^0.6 

25.012.0 

7.310.7 

23.3 + 2.8 

.53 + 6 

56+6 

11.0 + 0.6 

6.9 + 11.4 

V3 

4,0+ 0,5 

2.8 ±0.1 

ll.9±0.6 

13.5 + 0.5 

13415 

1.910.4 

17.711.1 

3.110.5 

19.4+ 1.9 

45 + 8 

+8 + 8 

4.3 + 0.7 

2.7 + 0.4 

V6 

(S.2 + 1.5 

9J±0.S 

39,7 ±2.0 

42.3 + 2,6 

383122 

6.510.9 

60.012.6 

16.91 J.3 

112.8 + 7.1 

190+14 

202 + 16 

21„5±4,3 

13.6 + 2,0 

V7 

41.2 + 5.4 

6.3 ±0.5 

30.8±2.2 

38.7 + 2,3 

207117 

7.310.7 

43,813.4 

7.510.4 

65.4 + 7.4 

47 + 5 

51 + 5 

10.6= 1.5 

5.6±0,6 

V8 

34.8 ±,5.9 

11.3±0.fi 

43.1 =0.7 

51.6 + 2,4 

448 ± 26 

30.610.8 

64.4 = 2.3 

18.910.9 

137.1 + 12.9 

149 + 13 

160+ 16 

20.7 + 2.0 

11.8+1,4 

V9 

32.4 + 4.6 

10.5 ±0.7 

39,6 ± 1.7 

47.4+ 1.9 

364± 17 

11.1 ±0.5 

63.6 = 3.6 

15.610.6 

127.8+ 10.7 

119 + 10 

125+ 12 

18.2 + 2.5 

10.4+1.4 

R1 

26.4 + 7.3 

8.3±(KK 

4()..5±2.G 

42.8 + 3.3 

397119 

7.J ±0.2 

65.21 5.0 

]i,410.5 

130.2=10,5 

317 + 21 

331 + 22 

20.0 + 4.5 

11,9 = 2,3 

R2 

19.3 + 1.8 

9.2 ±0.5 

.37.3 = 5.] 

39.0 + 2,3 

342 ± 27 

7.710,3 

61.21 3.4 

]4,1 :: 1.0 

121.3= 10.8 

283 + 25 

296:1 25 

18.4.!. 1.4 

11.7 + 0,5 


Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 
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Appendix A (continued) 



3-Aniiiiobiphenyl (ne/cig) 

4-Amiiiohi- 

phenyj 

(tir'cig) 

Ben7.o Catechol 

[</]pyrene (pg/cig) 
(ng/cie) 

m& 

fi-Cresols 

((ig/tig) 

C'Creso) 

fMg/cig) 

Hydroqui- 

none 

(MS/cig) 

Phenol 

Cog/cig) 

Resorcinol 

(Mg,tog) 

Hyridme 

(i'g,'*'''g) 

Quinoline 
(06,'‘•■ig) 

NNN (3) 

(iig/tig) 

Hi 

2.69 1 0.28 

:: 1 ■ i|,78 

l().46±1.12 S5.6±2,3 

11,6±0.6 

4.34 ±0,22 

67,2±2,1 

16.8±1,2 

l,14±0.ll 

13,1 1 0.7 

0,38 ±0.03 

78,2=7.4 

E2 

1.97 1:0.24 

' 1 II .'4 

6.00±n.71 j0.2±1,9 

5.0 ±0.2 

1.56 ±0,20 

28,8 ±2.3 

6 .0±0,8 

0.56±0.I0 

5.5+ 0.4 

0,18 ±0.01 

89,2=2,7 

E3 

2.59 ±0.21 

- n.''- 

11.05± 1,01 50.(l±2,l 

10.(1 ±0.0 

3.49 ±0,38 

54.1 ±2,5 

15.0±1.8 

0.88±0.l0 

12.510.8 

0.34 ±0.02 

189.4=9.8 

E4 

I.IS±0,ll 

i.i.'i" _ 1.) =. :• 

3;72±0.33 16.9 ±1.1 

2.U1U.2 

0,V5±0.M 

18.311.2 

2 .010.6 

NQ1 NQ 

2.610.6 

0,09X0.01 

30.7=2.7 

E5 

2.75±0.j4 

2 .! 2 _ n 2' 

8. -±0.92 44.5 ±2,1 

6.810.2 

2,21 ±0.11 

45.910.8 

8.4 10.5 

1.04 = 0.13 

3.010.3 

0.25X0.01 

147.51 10.5 

EG 

0.87 ±0.07 

■U.“ 1 . II 'iu 

l..'=6±0..r'’ 6.C±0,6 

0.610.1 

NQINQ 

6.9=0.8 

NQINQ 

I3DL1BDL 

1 .2 10.2 

0,04X0.00 

46.81 8.2 

E7 

2.38 ±0.18 

1.85 ±0.16 

".’2 ■:±3.6 

10.710.4 

3.8510,19 

49.5 = 2.5 

15.011.4 

1.04 = 0.22 

17,310.9 

0.42X0.03 

99.616.8 

ES 

2.1S±0.I5 

1.70 0 1^ 

i:0.55 .'■.iJ^l.l 

4.510.3 

1.51 10.11 

25.511.2 

5.8 ±0,6 

NQ±NQ 

2.410,4 

0.17X0.01 

85.8X8.1 

E9 

2.10J;0.23 

1.69±-:i l.i 

",1.1/ ri “ 

6 .010.6 

2.0910.21 

4.3.012.7 

8.1 ±1 0 

0 74 ±0,05 

6.9 :l 1 0 

0 2210.02 

58.5 ± 5.0 

Rift 

2.72±0.16 

2,09 ;L 0 05 

:s gi <1 -•.i:-1^ • 

12.1 1:0.4 

4.2910.29 

57.212.4 

17.7±2.0 

1,12±0.12 

13.1 ±0.9 

0.46 1:0.04 

100.1X8.5 

RLl 

3.26 ±0.40 

2,51 ±0,33 

j, . M >;■: -r> 3 1 7 

r" -0.3 

4.5910.14 

50.0 ±1.3 

19.6±l.4 

1,10 ±0.09 

,5.3 ±0.7 

0.38 1 0.03 

161.2X4.1 

EI2 

1.71 ±0.20 

1,26±0,13 

8.92± 1 riO.l _.l.S 

7.'4±0.4 

2.92 ±0.24 

58.6 = 3.8 

11.6 = 0.9 

0.82 = 0.15 

5.1 ±0.5 

0.22X0.02 

14,8=1.4 

EI3 

0.62 ±0.07 

0.56 ±0.08 

2.544ii 6. S.l±0.2 

NQ±NQ 

NQ±NQ 

4.6 = 0,3 

BDL=BDL 

BDL±BDL 

NQ±NQ 

BDLXBDL 

4,3.0 ±3.3 

EI4 

1.78 ±0.18 

1.42 ±0,11 

5.S9±U.;9 32.2±1.3 

4.8 ±0.5 

1.81 ±0,18 

34.3 ±2.0 

5.9 ±1.0 

0.59 = 0,1! 

3.9 ±0.4 

0.16X0.02 

45.0 ±4.1 

EI5 

1.34 ±0.06 

1.01 ±0.13 

3.55±0.38 ll.7±0.9 

1.2±0,I 

0.36 ±0.132 

I0.S±0.7 

NO±NO 

KQtNO 

1.1 ±0.2 

0.03X0.00 

46.61 5.!j 

EI6 

3.27 ±0.25 

2.62±0.26 

I1.24±2.I5 53.5±3.8 

9.0 ±0.7 

3.1710.28 

48.2 ±2.5 

12.91 l.l 

o.vvin.uH 

3.910.6 

0.30X0.02 

170.81 11.0 

E17 

3.20 ±0.37 

2.40±0.31 

H.92±1.03 54.7± 1.5 

11.2 = 0,5 

4.0710.26 

50.4 ± 1.9 

I6.910.S 

0,9910.08 

13.1 11.1 

0.39X0.03 

157.0124.0 

R18 

3.20±0.13 

2.4? ±0.12 

11.59±2,17 57.8±2.9 

10.2 = 0.6 

3.96±0.30 

59.4±3.4 

15.111.7 

1,1510,11 

9.410.6 

0,34X0.03 

126.0X6.6 

E19 

2.08 ±0-28 

1.61 ±0.23 

7.1210.69 40.11 1.5 

5.8 = 0.2 

2.22 = 0.12 

41.111.6 

S.410.5 

0.94 ±0.06 

4.4 ^0.6 

0,1910.01 

57.113.6 

E20 

2.i7±0.l5 

I.73±0.]2 

8.0010.38 42.613.9 

8.810.6 

3.4710.38 

56.615.0 

13.511.5 

0.7410.11 

13.2= (.0 

0.3310.04 

48.113.9 

E21 

0.83±O.Oi5 

0.72 ±0.09 

2.0010.05 5.310.4 

NQINQ 

NQINQ 

5:810.5 

EDI 1EDL 

EDI. 1 EDT 

0.9 10,5 

KQINQ 

42.5 ±4,7 

E22 

2.62 ±0.22 

2.07±0,13 

8.27^0.65 47.714.3 

9.410.6 

3.8810.34 

49116.2 

15.0±1.9 

0.68 ±0.17 

10.4 .1 0,9 

0.39 i 0.03 

52.4X5.4 

EJ3 

7.23 ±0 71 

I.67-0.II) 

7.02 = 0.80 46.4± 1.4 

10.2 ±0.9 

3.78±0.31 

52.0 ±1.2 

14,2±I.O 

0.90 ±0 06 

3.5± 1,1 

1)31 ±fl 04 

47.2X3.6 

E24 

2.23 : 0.20 

1.79 = 0.14 

4,30 ±0,48 21.3 ±2.4 

3.7 ±0.4 

1.47 ±0.21 

20,7±l:.8 

4,7 ±0.5 

NQ±NQ 

4.R + 0.5 

0.16X0.02 

103.5X4.0 

E25 

2.7.3 0.29 

2.04 ±0.25 

12.43 ± 1,28 54,7 ±3.4 

I2.6±0.5 

4.98 ±0.45 

64,2 ±5.6 

l9-7±.3:0 

I.12±0.I6 

I5.310.K 

0.43 X 0.03 

54.9X4.5 

E2fi 

2.24 ±0.32 

1.81 ±0.16 

5,10±0,68 24.I3±1.8 

4.1 10.2 

1.49 ±0.22 

23.9 ±2.1 

. 4.410.6 

■ 0.7710.08 

3.G1 l.l 

0.14X0.02 

95.1 ±4.6 

E27 

I.40 + IM.3 

].]3±0.I4 

3.121(1.40 16.1S12.2 

1.910,2 

0.6710.12 

17.6113 

NQINQ 

Ng±NQ 

2.010,3 

aioioui 

30.012.1 

E28 

4.18 ±0.32 

3.31 ±0.29 

13.9311.85 39.71 5.0 

13.1 ±0,5 

4.S1 ±0.40 

72.215.7 ■ 

21,9 ±2:6. 

1.24 ±0:10 

1G,9±1.7 

0.33X006 

195.31 12.0 

E29 

3.29 ±0.52 

2.59 ±0.36 

9.5011.10 47.414.4 

10,5± 1,0 

3.7010.53 

47.314.3 

13.9±1.5 

0.96 ±.0.13 

13011.4 

0.3710,03 

151.819.4 

E30 

E31 

3.51 ±0.35 

0.64±0.12 

2.68 ±0.21 

0.51 ±0.09 

9.4510.84 53.1 ±2.6 

1.501 

11410 3 

4.1710.20 

47.5 = 2.2 

16.310.8 

0.9510.12,; 

6.0 l 0.8 

0.39X0 06 

145.917.3 


Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 
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NNK (iiii/clg) 

NAl (3) 
(nir/'dg) 

.MAB (3> 
(ng/cig) 

Mercury 

(ngfcis) 

Cadmium 

(ng'cig) 

Lead 

(ng/cig) 

ChroTnium 

(na'clg) 

Nickel 

(ng/cig) 

A rsenic 
(tlg,'cig) 

Selenium 

(ne/i'ig) 

pH 

El 

j.J 

71.0+5.7 

10.8+ 1.8 

j.2 + 0.8 

46.9 + 3.6 

23.4+ J.2 

NQ+ NQ 

BUL+BUL 

NQ + NQ 

BDL+BDL 

6.16+0.04 

E2 

41.4± ] ,4 

, 77.4 ±4.5 

10.0=1.5 

2.7 ±0.4 

34.0=2.0 

NQ + NQ 

NQ±N0 

BDL+BDL 

NQ + NQ 

BDL+BDL 

6.I9±0.05 

H3 

103.9 + 4.4 

Ic ±8.6 

lS.6+3.4 

3.1 + 0,1 

50.9^3.4 

20.1 + 1.4 

BDL + BDL 

BDL ± BDL 

NQ ± NQ 

BDL+BDL 

6.17 + 0.05 

E4 

20.4. ±3,9 

' = '.1 + 1.5 

5.2= 1,0 

].6 + 0,3 

11.4 + 0.8 

NQ + NQ 

NQ + NQ 

BDL + BDL 

BDL ± BDL 

BDL+RDL 

6.24 + 0.05 

F5 

75.0+3.5 

l+i :'^9;0 

18.5 + 2.1 

2.3 + 0,3 

17.2 + 1.2 

2J.1 + 1.2 

NQ±NQ 

BDL + BDL 

NO±NQ 

BDL+BDL 

6.17 + 0.06 

F6 

21.5+2.1 

:6,8 

7.6+ 1.4 

NQ + NQ 

4.0 + 04 

BDL + BDL 

NQ±NQ 

BDL BDT. 

RDL BHT. 

BDL+RDL 

6.24 + 0.02 

157 

79.5 ± 6.5 

106.9 = 2.1 

14.5±2,.5 

2.9±0.4 

3I.3±2.4 

23.3 ±2,2 

BDL=BDl. 

BDL 1, BDL 

NQ - NO 

BDL±BDL 

6.13 ±0.04 

E8 

59.2 ±6.3 

S3.8-4.0 

16.7±2.3 

l.7±0.3 

12.0 ±0.9 

NO±NO 

BDL = BDL 

BDL ± BDL 

NO±NQ 

bdl±bdl 

6.17 + 0.04 

£9 

37.9 ±6.1 

54.4 ±6.2 

9.4± 1.7 

2.6 ±0.3 

30.8 ±2.6 

15.8 ±1.7 

BDL±BDL 

BDL ± BDL 

N0 = NQ 

BDL ± BDL 

6.15 = 0.04 

ElO 

64.2±4.6 

78.6.±7.8 

13.3±i.8 

2.7 ±0..'! 

■■1'';i±3.4 

26.2 ±1.6 

NQ + NQ 

BDL±BDL 

KQxNQ 

BDL±UDL 

6.17 = 0.03 

Ell 

96.2 ±5.9 

142.S±7.2 

24.7 ±2.4 

2.4±0.4 

27.6 ± 1.0 

22,8 ± 1.3 

BDL ± BDL 

BDL ± BDL 

NQ + NQ 

BDL+BDL 

6.14 = 0.04 

EI2 

12.7 + 4.6 

18.0 ±2,6 

NQ±NQ 

2.6.±0.4 

25,0 ±1,4 

N0±NQ 

BDL ± BDL 

BDL + BDL 

N0±NQ 

BDL+BDL 

6.Lf9 = U.0i 

EI3 

l!i.6±3.] 

40.6 + 3.4 

7.2 ± 1.0 

BDL±BliL 

:,5±0.l 

BDL±BDL 

NQ±KQ 

BDL ± BDL 

BDL ± BDL 

BDL+BDL 

6.26 = 0.03 

Ei4 

27.0+5.6 

39.9 ±4.0 

6.6 ±0.9 

_.2 : 

1 1:0.9 

NQ ± NQ 

BDL ± BDL 

NQ±NQ 

BDL ± BDL 

BDL+BDL 

6.22 + 0.02 

Ei5 

29.5 ±3.5 

40.3 ±G. 7 

6.8+ 1.4 

N-..- 

|:-.j 1 ■:i.7 

NQ ± NQ 

BDL ± BDL 

BDL ± DDL 

BDL ± DDL 

BDL+BDL 

6.17 + 0.04 

Ei6 

JOl.3 + 9.5 

148.2+13,8 

26.2 + 3.4 

:.,(-±0.- 

^■■.('■+ 1.0 

22.2 + 2.1 

BDL ± BDL 

BDL+BDL 

NQ+NQ 

BDL+BDL 

6.13 = 0,04 

Et7 

J07.8+ 17.4 

139.6+ 10 9 

26.6 + 3.0 

' 

r>' >.±4.tl 

25.8= 1.7 

BDL ± BDL 

BDL+BDL 

3 9+1.4 

BDL+BDL 

6.04 + 0.05 

r.i8 

7K4+X7 

106 S +7.6 

179-3 1 

3 4+0.-: 

V. c 1 - 

'■'.7- 1.5 

RHT +Bni 

RD!Rni. 

NQ + NQ 

Rnr.-Hni. 

6.10 + n.m 

E19 

36.1 ±5,3 

f+.'S r, 3 

9.0 -"0..5 

13-0.3 

1 ■ 

NQ 1 NO 

BDL 1; BDL 

BDL = BDL 

NO ;l NO 

BDL=BDL 

6.19±0.U3 

E20 

27.7 ±4,9 

^ 1. ■ ' i;) 

7.2:- 1.2 

2.7.-: 0.4 

A \ 

16,3 i :.0 

BDL :1: BDL 

BDL = BDL 

NO 1 NO 

BDL= BDL 

6.09 ±0.04 

E2] 

18.0±2.7 

Mvi. : 3 

7,2 1.3 

BDL.::RD1. 

l.f' M, 

BDL -I BDL BDL ±BDL 

BDL ± BDL 

NQ J: NO 

BDL=BDL 

6.18±0.«4 

E22 

37,7 ±2,4 

50.3+‘±.1 

9.6 ± 1.7 

2.S4 0.2 

31.0 ■ ' 6 

18.24 0.7 

BDL ± BDL 

BDL ± BDL 

NO±NO 

BDL+BDL 

6.12±0,03 

E23 

42,4 + 7.7 

46.9 + 3.6 

7.2± 1.4 

l.7±0.2 

8.5 ±0.8 

NQ + NQ 

BDL + BDL 

BDL+BDL 

NQ ± NQ 

BDL+BDL 

6.13 ±0.05 

E24 

53.9 ±6.6 

91.2 = 5.0 

16.3 ±1,6 

2.0 ±0.2 

24.6 ±1,2 

NQ+NQ 

BDI BDL 

BDL ± BDL 

NQ±.VO 

BDL+BDL 

6.2.3 ±0.06 

E25 

38.7+7.4 

52.4 + 4,1 

6.0+1.3 

3.3+ UJ 

42.1 = 3,0 

21,1+2.8 

BDL^BPF 

BDL+BDL 

NQ±N-g 

BDL+BDL 

6.08 + 0.06 

E26 

53.1 ±4.7 

88.1 ±5.1 

16.0+ l.S 

2.1 ±0.4 

35.0 + 4,6 

NQ + NQ 

BDL+ Bl >r 

BDL 1. BDL 

NO = NQ 

BDL+BDL 

6.17 + 0.05 

E27 

19.4 + 2.8 

30.7+3.8 

6.3+ ] J 

NQ + NQ 

8.9+ 1.2 

NQ ..L NQ 

BDL. L.l 11 

BDL ;BDL 

NQ_NQ 

BDL 1 BDL 

6.22 + 0,02 

E28 

87.3+8.3 

153.3+10.0 

28.5+3.7 

3.6 ±0.2 

68.3 + 3.2 

31,4+ 1.6 

BDL s: BDL 

BDL ± BDL 

NQ + NQ 

BDL+BDL 

6.13 + 0.08 

E39 

] 06 1 i 6 9 

134 7 + 4.5 

22,3 ±3.0 

3,6 ±0.6 

59,4 ±2.9 

23.7+3.7 

9DL+EDL 

BDL ± BDl 

NQ + NQ 

BDL+BDL 

6.12 + 0 04 

E» 

l!7.l ±4.4 

136.2±8.7 

I5.6± 1.7 

2.9 ±0.3 

31.2 ±1,4 

23.1+2.2 

BDl BDL 

BDL ± BDL 

NQxNO 

BDL ± BDL 

6,02 + 0.03 

E31 

NQ±NQ 

8.0±2.5 

NO±NO 

BD1,±BDL 

4.3+ 0.3 

KQ±NO 

BDL = BDL 

BDL ± BDL 

BDI.±BDL 

BDL+BDL 

6.10 + 0.01 

E32 

44.6+5.3 

59.5 + 4.9 

S.0± l.l 

2.5 ±0.2 

27.6 ±2.3 

13.3-3.4 

BDL ± BDL 

BDL+BDL 

NQ + NQ 

BDL+BDL 

fi.10 + 0.03 

EB 

46.1 +4.6 

67,2 ±7.4 

10.1 ±0.7 

NQ + NQ 

11.2 + 0.7 

NQ + NQ 

NQ=NQ 

BDL ± BDL 

NQ-.+ NQ 

BDL+BDL 

fi.l3± 


Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 
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E34 

49.7+1.6 

61.2+2.1 

6.9 ±1,0 

2.9 + U.4 

37.3+2,3 

19.9 ±1.9 

BDL i BDL 

BDL ± BDL 

NQ + NQ 

BDL ± BDL 

-0-02 

6.01+0.02 

E35 

57.717,0 

63.4 + 6.5 

7.6±1.5 

2.8 + 0.3 

39.6 + 3.0 

I7.3±l.6 

BDL + BDL 

BDL±BDL 

NQ + NQ 

BDL ± BDL 

6.04 + 0.03 

P.sn 

53.415.3 

7J.517.3 

JO.SiJ.j 

J.7+U.3 

23.3 + 2.1 

NQ±>JQ 

BDL+BDL 

BDL ± BDL 

NQ+.VQ 

BDL±B.DL 

6.11 ±0.01 

E37 

26.9+4.3 

33.9 1: 2.7 

5.3 ±0.8 

NQ 1 NQ 

8.7 ±0.7 

NQ±NQ 

BDL ± BDL 

BDL ± BDL 

BDL+BDL 

BDL ± BDL 

6.13+0.03 

E3« 

74.2+4,3 

84.6 i. a.9 

14.1 ±2.3 

3-3 J 0.5 

4.V31 1.5 

27.6±2.5 

DDL+BDL 

DDL 1 BDL 

5.511.2 

BDL 1 BDL 

5.9910.02 

139 

45.0+4,9 

55.7 1 5.1 

7.8 ±0.9 

1.5 1 0.6 

9.3 ±0.3 

NQ±N0 

BDL+BDL 

BDL ± BDL 

NQ 1 NQ 

BDL ± BDL 

6.08 + 0.04 

VI 

90.] ±57 

120.0 + 4.3 

15,4 ±2.4 

2.S + 0.2 

32.2 + 3.0 

NQ±NQ 

BDL+BDL 

BDL ± BDL 

NQ ± NQ 

BDL ± BDL 

6.27 + 0.07 

V2 

34.3 + 3 1 

42.7= 1.8 

6.6 ±0.7 

3.7 ±0.2 

34.2 + 3.2 

16,7 ±5.3 

NQ + NQ 

BDL ± BDL 

KQ + NQ 

BDL ± BDL 

6.17 + 0.06 

V3 

23.7 ±4,] 

38.3 = 4.0 

4.3 ±0.8 

2.7 ±0.4 

26.8 + 2.9 

13.0±3.3 

NQ + NQ 

BDL ± BDL 

NQ + NQ 

BDL ± BDL 

6.21+0.05 

V4 

42.2 + 6.2 

58.9+4.9 

7,6± 1.2 

2.0±O.I 

13.0+1.8 

NQ±NQ 

BDL+BDL 

BDL+BDL 

NQ + NQ 

BDL ± BDL 

6.28-0.03 

Vi 

19.2 + 3.8 

37.8+5.] 

6,4± 1,2 

1.7±0.2 

5.I+U.7 

BDL ± BDL BDL ± BDL 

BDL±BDL 

BDL + BDL 

BDL ± BDL 

6.27 = 0.03 

V6 

87.4+10.3 

118.6+9.5 

IS,9±2,6 

3.7 + 0.2 

45.6 + 3.6 

13.9 ±4,0 

NQ±NQ 

NQ±NQ 

NQ + NQ 

BDL ± BDL 

6.15 + 0.04 

V7 

30.] +8.4 

28.6+3.3 

2 94.P.9 

2.7 + 0-3 

28.0 + 2-5 

NQ + NQ 

BDL+BDL 

BDL± BDL 

NQ + NQ 

BDL ± BDL 

6.14 + 0.04 

V8 

47.3+1,2 

97.2+3.0 

1.3 2 ± 1.3 

4.7 + 0.4 

101.0+ 11.6 

21.7+1.6 

BDL+BDL 

BDL±BUL 

4.3+ I.U 

BDL ± BDL 

6.21) + 0.04 

V9 

51.8+6.3 

56.3 ± 3.6 

9,3± 1.2 

3.6+0.3 

46.4 + 5.0 

16.9 + 2.2 

BDL+BDL 

BDL ± BDL 

NQ + NQ 

BDL ± BDL 

6.22 + 0.04 

Rl 

75.6 ; fi.5 

1 [7.8+7.6 

25.3 ± 3.1 

5.2 + 0.4 

68.7+1.7 

39.2 ±1.9 

BDL+BDL 

BDL± BDL 

4.7+1.3 

BDL ± BDL 

5.92 + 0.04 

K2 

87.7+12.4 

126.9+11.0 21.8 + 2.1 

6.3+0.3 

612+4.6 

35.6 ±2.9 

BDL+BDL 

BDLiBDL 

NQ + NQ 

BDLiBDL 

5.97 = 0.10 


(1) H, exploratory brands; V, validation brands; and R, reference cigarelies. {2) Brand names are trademarks oI RhUip Morris USA Inc., Philip Morns Products S.A., Philip Morris Limited 
(Australia), Philip Morris CR, A.S., Tabaqiieria, S.A., or P'6 Cigarcltcnfabrik Dresden GtiibH, De, (3) A'-iMitrosonornicoline (NNN); 4-(A'-methyl-A'-nitrosainino)-l-(3-pyndyl)-l-butanonc (NNK); 
A'-nitro.snanatabine (NAT); and jV-nitrosaiiabasine (NAB), (4) BDL, below the detection limit; NQ, below the limit for quantitation. (5) HP, hard pack; SP, soft pack; F, filter; Lt, lights; ULt, ultra 112 
lights; KS, king size; and Men, menthol. 


Source: https://www.in(dustry(documents.ucsf.edu/docs/yhlx0001 
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Appendix B. Tobacco blend components (mean ± standard deviation) 


Brand code 

Nitrate (nig/g) 

NNN (iig/g) 

NNK (ns/g) 

NAB (rig/g) 

NAT (ng/B) 

El 

7.8^ l.l 

11101102 

NO 1 NO 

1.5.5 = 29 

914150 

E2 

H- 

22201123 

400 129 

254= n 

1646176 

B3 

8.9 = 0.7 

37361243 

11241196 

379170 

2945 1145 

E4 

75 = 0.8 

11881108 

NO 1 NO 

194139 

“'5195 

E5 

y,8± 1.1 

2780±81 

709+48 

■ 322 ±57 

. '7106 ±105 

E6 

10.9 3-2.6 

2736±38 

86Q±154 

262121 

■■■■ ^^■■.3,1232 

E7 

9.3-±0.3 

1866125 

812146 

357137'' 

Iv'qh44 

Ef! 

I0.9±1.3 

7354± 118 

1038 = 39 

3201 35 

17^Xhl 126 

ri9 

7.810.3 

1273147 

NQ-NQ 

7^: .. 1^ 

1082 ±47 

ElO 

9,010,5 

2170 = 307 

591195 

341 

13391129 

Ell 

10.6±f).8 

3769=84 

1194134 


28f!3 190 

E12 

4.1 ±0.2 

332 = 35 

NQINQ 

\ (> 

423 138 

E13 

11, .3 ±1.5 

3S921281 

1171 1 123 

:i,^ 

31391210 

E14 

5.710.7 

1355181 

445124 

N'.’ 

1(42149 

£15 

9.610.2 

25201 132 

1060 1 82 

1 

1942 = 47 

Elfi 

9.410.1 

3149 = 212 

1165148 

I’- 33 

2392= I GO 

Et7 

10.5± l.l 

2722=91 

1116=105 • 

lb^_7 

2073 1135 

E18 

8.311.2 

20121200 

715128 ' 

NQINQ 

1562 1 187 

E19 

5.810.8 

1361161 

469157 

NQINQ 

12071176 

F.2fl 

7.710.6 

868172 

NQINQ 

NQINQ 

778 164 

E21 

10.51 1.4 

37.39129(1 

1127149 

255= 12 

29891 161 

£22 

6,810.0 

9I9J. 160 

427 ± 44 

NQINQ 

S90+140 

l■23 

5.510.S 

996179 

423160 

NQ 1 NQ 

959 + 61 

E24 

10.910,7 

3302138 

1) 47 ± 45 

2i2±6 

2477178 

E25 

5.61 1.4 

1094 ± 37 

NQINQ 

NQ= NQ 

1014134 

E26 

11.3 j.0.9 

34381142 

12701 17 

116137 

2676153 

1:27 

5.7 = 0.8 

1216176 

474 1 40 

NQINQ 

1092130 

£28 

12.61 f.2 

33501 f59 

923188 

176= 12 

21701 162 

F.29 

10.41 1.1 

28881237 

1193108 

207 1S 

23661 148 

E3Q 

9.1 10.2 

25241271 

767152 

13818 

21711 100 

£31 

4.9 = 0-2 

420134 

490175 

NQ= NQ 

715154 

E32 

6.9 =0.2 

1.901 =307 

45.3118 

NQlNQ 

14821235 

E33 

8.510.5 

23531 1S9 

811158 

1501 17 

20151141 

E34 

7-010-4 

1365 = 24 

406171 

NQINQ 

1060115 

E35 

8.91 1.7 

1430=18? 

675129 

NQINQ 

11481114 

E36 

10-610.8 

.3105148 

II8‘>±I85 

186118 

2.3.391 36 

E37 

7.1 1 1.2 

:i619±84 

4861.36 

NQl NQ 

1425146 

E38 

9.710.3 

22231192 

4341 19 

NQINQ 

15021Z5 

B3V 

8,810.3 

19221401 

481157 

NQl NQ 

16091254 

VI 

7.910.6 

3583 178 

10421 153 

215119 

27631 111 

V2 

S. 110.8 

. 321 ±36 

382146 

NQl NQ 

4951 29 

V3 

6.110,8 V 

1012147 

NQINQ 

NQ 1 NQ 

843146 

V4 

8.3±J;3 

2101 = 173 

8851134 

165111 

1714193 

V5 

10.511.0. 

39381275 

12491198 

227135 

31021132 

V6 

10.6-1O.2: 

2360=185 

10091161 

1501 16 

17841127 

V7 

■■=4.510.4 

376161 

399166 

NQlNQ 

601118 

V8 

7.0i.0.5 

[778 172 

591158 

NQINQ 

1244156 

V9 

7.0 ±0.7 

1171 11.51 

35S141 

158131 

912= 113 

R1 

,15.410.4 

2433 1268 

9731 36 

177133 

19421227 

R2 

16.211.4 

21971% 

1020172 

173125 

1844 = 8 


(1) BDL, below detection limit; NQ, below limit Tor quantitation. (2) Limits of quanlltation (LOQ) For tobacco-specUii; nitrusamines in tobacco; 


NNN LOQ -- I80n&/g, NNK LOQ = 272iig/g, NAB LOQ= I03ng/g. iind NAT LOQ = 2l3ngyg. 
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Appendix A. ISO-method niainstreatn smoke constituent >ields for exploratory (E1-E39) and validation (V1-V9) brands (mean ± standard deviation) 


Brand Brand / region (2) (3) (4) 
cade (I) 

Tar 

(mg/eig) 

Nicotine 

(mg/cig) 

Carbon 

monoxide 

(rag/tig) 

Accialdc' 

hyde 

(iigfc'iK) 

Acetone 

(FS'c.ig) 

Acrolein 
(MB'uig) (5) 

Biiiyraldc 

hyde 

(pg/dg) (5) 

Crotonoldc 

hyde 

(P&'dg) (5) 

Methyl 
ethyl ketone 
()ig,'cig>(5) 

Propional- 

dehyde 

(tiffcig)(5) 

F.l 

L&MKS FHP/EU 

12.6 

± 0.6 

O.Sl + 0.03 

11.5 X 0.5 

598 i 5 

330 ± 12 

57.6 1 3.0 

40.8 ± 2.1 

23 3 X 0,9 

74.5 X 3,7 

,59.3 = 2.8 

E 2 

Mail KSFHP/EU 

7,0 

± 0,4 

0.54 ± 0.03 

8,1 + 0.5 

384 ± 20 

224 ± 5 

35,8 ±2.1 

25,8 ± 1-5 

10,0 ± 1.1 

46.1 ± 1.9 

36.4 = 2.7 

FJ 

Marlboro K.S F HP (Norway) / HU 

13.2 

* 0,7 

0.93 + 0.05 

11.3 ± 0,8 

540 ± 85 

287 ± 34 

51.0 ± 7.7 

33,9 ± 5.2 

19.5 ± 3.2 

65.6 ± 8.9 

50,2 ± 7.1 

E4 

Chc.stcrficld INTI. KS F H f* Ul.t/ EU 

3.4 

i 0.2 

0.30 ± 0.01 

3.4 ± 0.2 

148 ± 10 

lOS ± 5 

12.5 i 0.9 

li.4 X 0.7 

NQ X NQ 

17.6 i 0,9 

14.J X 1.3 

E5 

Parliament 100 H SP /CEMA 

10.2 

± 0.4 

0.77 + 0.04 

10.2 ± 0.5 

409 i 41 

201 X 29 

31.4 X 3.9 

20-9 X 3.0 

6.6 ± 1.3 

31.ti i 5.8 

33,0 X 5.0 

E 6 

Philip Morris One KS F I IP / EU 

1.6 

± 0.2 

O.IC i 0.01 

2.0 X 0.2 

76 ± 12 

65 X 7 

5,4 J 1,1 

6.2 1.1 

NQ X NQ 

8.0 X 1.5 

7,1 X 0.9 

£7 

Marlboro LS F HP (ARC) / Latin America 

13.9 

^ O.S 

1.00 X 0.04 

13.4 * 0.6 

626 X 36 

344 ± 13 

61.9 i 3,6 

40,3 X 1.8 

34.9 X 1.6 

76.4 i 4.7 

59,5 X 1 9 

RR 

pnrliiimtrnf KS F IIP T.t (J?paTl) / US Export 

70 

+ 0.4 

0,57 ± 0.03 

7.5 X 0,3 

218 ±41 

117 = 74 

UR X 7 7 

ii.n ± 1.8 

NO± NQ 

16.6 ± 3.7 

15,8 ± 3,3 

E9 

L&MKSf Hl’Lt/F.U 

8.4 

i 0.4 

0.58 J: 0,03 

8.4 ± 0.3 

397 ± 21 

220 ± 8 

35.6 ± 1.9 

26.0 X 1.8 

10.9 ± 0.9 

45.1 ± 1.9 

36.1 ± 1.9 

CIO 

Marlboro LS F HP (VEN) / Latin America 

13.1 

± O.R 

0.91 ± 0.05 

II.I ± 0.7 

504 X 68 

276 i 33 

45.7 X 6.0 

32.2 ± 3.8 

17,8 ± 3-5 

59.3 ± 7,6 

4S.2 = 0.5 

Ell 

Marlboro KS F IIP (Taiwan) / US Export 

11.6 

= 0.9 

0.93 ± 0.04 

9.6 1 0.6 

384 ± 46 

203 ± 22 

32.1 ± 3.8 

21.9 ± 2.8 

S.O ± 1,4 

37.2 ± 5.0 

33,3 X 3.3 

H 12 

F 6 KSFHPLt/EU 

8.4 

± 0.4 

0.71 + 0,04 

8.6 ± 0.4 

363 ± S3 

209 ± 20 

33.0 ± 5.3 

25.3 ± 2.9 

10.1 X 1.6 

4G.2 - 4.7 

34.1 X 3.5 

E13 

Virginia Slims ICO F HP Men img IJPN) / US £xp 

0.9 

± 0.1 

U.IO ± 0.01 

Ll ± 0.1 

32 i 12 

46 X 6 

NQ XNQ 

NQ X NQ 

DDL ± BDL 

NQ X NQ 

NQ ± NQ 

E14 

Murlburti KS F HP l.L (GER/UK) / EU 

5.9 

i: 0.3 

0-53 ± 0.03 

6,4 ± 0,2 

323 X 43 

182 X 13 

30-1 X 4.2 

21.4 X 2.6 

7.0 ± l .l 

36.3 X 3.6 

30,7 - 3.5 

£15 

Virginia Slims lOO F HP ULt Men (JPN) / US Exp 

2.7 

± 0.2 

0.23 --t 0.02 

3.1 X 0.3 

114 X 25 

96 17 

8.7 X 2.1 

8.8 X L 8 

NQ X NQ 

13 .3 i 3 0 

11.0 = 2.0 

Flfi 

Parliamm! lOOFSPIl/US 

11.6 

-1 0.6 

0.95 - 0 05 

114 * 0.6 

481 -1 29 

239 + If) 

386 X 2 8 

76 1 X 1 R 

88x09 

44 0 ^ 2.6 

41.0 L 3.4 

E17 

Marlboro KS F SP / US 

14,2 

+ 0.5 

1.02 = 0.04 

12.9 i 0.6 

601 ± 43 

318 ± 12 

55.4 = 5.8 

39.7 ± 3.6 

20-1 ± 2.4 

71.7 ± 6.3 

55.7 ± 4.6 

CIS 

Marlboro 100 F HP / HU 

12.6 

± 0.5 

0.93 i 0 04 

11.6 i 0.6 

554 ± 33 

291 ± 18 

51.3 = 3.4 

35.8 i 2 6 

17.4 ± 1.4 

67.3 ± 5.1 

51,5 = 3.0 

E19 

Marlboro ]OOFHPLt(ficnnaiiy)/EU 

6.9 

i 0.2 

0.63 X 0.02 

7.1 i 0-4 

3n X39 

I7S X 14 

27.5 X 4.7 

19.5 ± 2.3 

6.0 ± 1,1 

34.4 ± 3.5 

28.6 =7 3.4 

E20 

SG Vcntil Regular F SP / £U 

ilJ 

T 0.5 

0.67 ± 0.03 

9.1 X 0.4 

488 X 45 

267 ± 22 

44.3 ± 4,7 

33.7 1 2,3 

20.5 - 18 

61.8 ± 4.6 

47.0 X 4.5 

E2l 

Muratli K.S F HP ULl 1 mg / CEMA 

1.0 

± 0.2 

0.11 X 0.01 

1-3 X u.l 

57 X ] 1 

59 X 9 

3.6 X 0.7 

5.4 X 0.8 

NQ ± NQ 

6.6 = 0.6 

5.7 X 0.6 

E 22 

Diana KS K SP Specially Mild / P-U 

9.7 

± 0.3 

0-74 ± 0.03 

8.8 X 0.3 

390 ± 63 

223 i 26 

39.1 X 8.1 

27.7 X 4.5 

13.9 X 2.4 

48.7 X 7.2 

39.2 ± 5.6 

E23 

MujaCfi Andiassador KS F HP / EU 

8.4 

X 0,4 

0.65 X 0.05 

7.5 X 0.4 

X 43 

146 X 22 

19.7 - 3.7 

15.4 X 1.9 

4.9 X 0.9 

24.7 X 4.0 

2.1.6 = 1.4 

E24 

Merit KS K SP ULt / US 

4.9 

+ 0.2 

0.46 + 0.03 

5.9 1 0.3 

254 X 50 

165 -f 38 

20.4 X 4.7 

19 S X 3 9 

5.8 X 1,7 

31.1 i 6.1 

25.0 X 4.6 

E25 

Perra Regular F HP / CEMA 

13.3 

± 0.6 

().S5 ± 0.03 

11.2 ± 0-4 

515 X 71 

287 i 34 

43.8 X 6.1 

37.6 X 4.3 

20.7 X 3.5 

69.7 X 9.0 

49,2 :< 6.4 

E26 

Marlboro KS F HP ULt Men / US 

5.9 

X 0.5 

0.49 ± 0.04 

6,9 ± 0.4 

277 1 48 

170 ± 25 

25,7 ± 4.0 

20,5 + 3.6 

6,7 ± 1.6 

33.0 = 5.4 

26.9 ± 3.5 

E27 

Diana KS F HP ULl / EU 

3 0 

± 0,2 

0.29 X a.02 

3.3 ± 0.2 

146 X 16 

103 ± 12 

13.0 i 2.0 

(0.9 i 1.2 

SQ X NQ 

16.8 i 2.0 

14.6 + 1.8 

os 

Marlboro KS F HP (Malaysia) / Asiii Paciftc 

14.4 

± 0 5 

1.03 ± 0.04 

11.9 ±0.7 

604 ± 28 

316 ± 19 

58.7 i 3.5 

43.8 X 3.5 

23.3 X 2.1 

69.2 ± 5.1 

60,4 ± 3.5 

E29 

Marlboro K.S F HP 25's (Australia) / US Export 

13.1 

± 0 6 

0.98 * 0.05 

12.3 + 0.9 

517 X 45 

291 X 29 

47.4 X 3.6 

36.2 X 4.5 

17.6 ± 2.7 

62.6 X 6.9 

49.7 X 3.6 

E30 

Mai Iboro KS F HP/ Japan 

12.1 

X 0,5 

1.04 ± 0.05 

11.2 ± 0.6 

481 X 31 

257 X 14 

36.6 ± 2.8 

23.9 ± 2.2 

9.2 X 1.1 

46.2 _ 3,9 

39.5 X 2.6 

E31 

Longbcach One KS F IIP / Aiibiintlia 

L 2 

± 0.1 

0.15 X 0.02 

1.6 X 0.1 

L13 ^ 19 

96 X 7 

S.7 ± 1.5 

8.2 ± 1.0 

NQ X NQ 

15.0 X 2.4 

n.l X i.7 

E32 

Chesterfield Originals KS F HP Li / EU 

8 0 

± 0.5 

0,59 ± 0.02 

S.3 X 0.4 

4.32 X 42 

243 X 19 

41.3 X 3.1 

27.0 i 2.5 

12.4 i 1.1 

51,7 i 5.1 

40.4 X 3,0 

Eii 

Philip Morris IQOFHPSuperLt/EU 

3,.3 

± 0.3 

0.33 X 0.02 

3.5 X 0.2 

161 X 11 

115 X 10 

13.0 i 1.0 

12.2 i 0.7 

NQ ± NO 

19.4 X 2.2 

14.9 X 1,2 

£34 

Chesicrncld Originals KS F HP / EU 

11.9 

X 0 5 

0 80 ± 0,04 

11.7 X 0.7 

586 ± 36 

319 ± 19 

57.0 ± 3.7 

36.8 X 2.6 

22.6 X 2.3 

74.7 = 5.9 

53.5 ± 4.2 

Ej5 

Miirlhoru KS F HP Medium / EU 

9.6 

± 0.4 

0.72 ± 0,03 

10.0 ± 0,7 

458 ± 36 

262 ± 1.5 

41.2 ± 2.6 

29.2 = 1.4 

13.5 i 0,9 

57,9 rt 3.5 

42.9 ± 3,8 

£36 

Virginia Slims 100 F HP ULt Men / US 

5.1 

± 0.3 

0.45 ± 0,02 

4.9 ± 0.3 

207 ± 34 

139 = 17 

20,5 ± 3.7 

14.4 ± 1.8 

4.6 X 1.0 

24.6 ± 3.9 

20.0 X 2.4 

fcji/ 

Marlboro KS f UP ULt / EU 

3.0 

± U.2 

0.29 ± (1.01 

3.5 X 0.1 

150 X 5 

105 r. 7 

11 .8 ± J .0 

10.4 1 0.7 

NQ ±NO 

16.5 ± 0.9 

14.0 ± 1.1 


L & M KS F IIP (Malaysia) / Asia f iiciPc 

13.5 

± 0.4 

l.OJ X 0,03 

10.4 ± 0.3 

591 X 53 

292 ± 15 

57.2 X 6.3 

39.3 ± 3.5 

21.8 X 2.4 

64.3 X 4.6 

54.fl ± 4 7 

E39 

Marlboro KS F HP Lt / Japon 

5.9 

0.3 

0.44 * 0 02 

6.8 * 0.4 

227 X 22 

126 X 13 

16.7 ± 2.2 

11.0 X ].0 

NQ i NQ 

I7.R i 2.3 

18.3 X 2.5 

VI 

Miirlhoro KS F UP 1 1 (Norway) f EU 

8 3 

+ 0.4 

0 69 ±0 04 

8 5 X 0.4 

363 X 4! 

201 X 17 

30 8 X 4 6 

24.7 - :».7 

10.9 X 1.7 

41.8 X. 4.2 

32.R X 3.9 

V2 

Raffles 100 FHP/EU 

12.3 

± 0.5 

1,19 ± 0,10 

12.8 ± 0.7 

643 ± 40 

335 ± IS 

60.3 ± 4.5 

47.5 ± 3.3 

28.3 ± 2.9 

78,0 ±6.1 

S6.4 X 3,3 

V2 

ChesierfiddKSFHPLi/EU 

6.3 

± OJ 

0.54 + 0,04 

7.3 ± or 

319 ± 17 

176 ± 10 

27.6 ± 1,5 

20.9 ± 1.5 

8.9 ± 1,1 

34.5 ± 2.8 

28.1 ± 1,7 

V4 

Philip Morris KS F HP Super Ll / EU 

4.1 

± 0.4 

0.40 1 0,03 

4.0 ± 0.3 

147 X 16 

97 ± 9 

12.1 ± 1,6 

11.4 ± 1.2 

NQ X NQ 

15.9 ± 1.7 

13.8 X 1.6 

V5 

Merit KSFSP Ultima/US 

1.3 

-r 0.2 

0.13 ± 0.01 

2 4 X 0.1 

129 X 13 

87 i 5 

9.7 X 0.8 

10.2 ± 1.6 

NQ ± NO 

13.4 ± 1.1 

11.8 X 1.1 

V 6 

Marlboro 100 F HP Lt/Ub 

9.6 

= 0.4 

0.80 X 0.05 

10.7 X 0.3 

461 X 61 

262 X JO 

42.6 X 6.4 

33.1 X 4.2- 

15.8 X 2.6 

53.9 ±6.1 

42.6 X 4.5 

V7 

Peler Jackaon KS F HP Men / Aui^iralia 

7.4 

-i- 0.4 

0.72 ± 0.06 

S.3 ± 0,4 

m ± 31 

224 ± 15 

39,9 X 3.2 

27.0 X 1-6 

16.5 ± 1.9 

48.4 X 3.5 

35.4 X 2.6 

V« 

Marlboro KS F HP (MEX) / Latin America 

13.2 

J- 0.5 

1.13 J- 0.06 

12,1 ± 0,5 

520 X 49 

298 X 26 

50.7 X 5,3 

35.7 X 3-2 

22 .E X 2.8 

62.R X 6.4 

47.8 X 4.3 

V9 

Marlboro KS F HP (BRA) / Latin Atncrica 

12 .t 

+ 0.7 

0.97 + 0.09 

114 X OS 

527 X 64 

288 X 25 

47,7 X 6 4 

36 9 X 4.7 

22,8 i 30 

64.7. X 5 4 

48 0 i 5 4 

R\ 

1R4F Kentucky Reference 

9,1 

± 0.4 

0.73 X 0.04 

11.6 ± 0 6 

574 i 57 

312 ± 22 

46.3 ± 4,8 

38.R ± 3.6 

14.9 ± 1.5 

75.0 ± 6,4 

55,9 ± 5,6 

R2 

iR4F Kentucky Reference 

S.9 

X 0,4 

0,77 ± 0.07 

12.2 X 0.5 

.518 ±43 

282 ± 21 

38.5 i 3.4 

36 1 ± 5,5 

1S.4 ± 1.5 

63.8 ± 54 

48.1 i 3J 


Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 
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Appendix A (continued) 


Brand 
Lndc (1) 

Formalde¬ 

hyde 

(fic/cig) 

Atr>'lorli- 

tnlc 

(E&'cig) (5) 

Benzene 

(M&'C'K) 

1,3-Biitadi- 

enc 

Isoprcnc 

(Hfi/cig) 

Styrene 

iMs'cie) 

Toluene 
(^ig.'cig) (5) 

Aminonia 
fpg/cig) (5) 

Hydrogen 

cyanide 

Nitric 

oxide 

(Me^cig) 

Mirogcn 

(i.xidc» 

1 'Amino- 

iiaphthalcne 

(rg/cig) 

2'Aitlino- 

naphthalene 

El 

42.8 -t- 2.4 

10.1 ± 0.7 

44.6 i 2.6 

45.5 X 3.4 

356 X 18 

10.5 X 0 ,7 

69,9 X 5.3 

17.5 i 1.3 

116.6 ± 7.1 

153 ± It 

155 

± 10 

17.5 + 3.1 

1C.7 ^ 1.6 

E3 

20.9 + lA 

6.9 - 0.5 

.32.8 ± lA 

35.4 ± 17 

295 ± 13 

5.2 X 03 

4S.7 ± 2.7 

11.2+1.0 

61.6 + 4.5 

141 + 14 

145 

± 17 

11.6 ± 10 

7.6 ± 0.7 

E3 

38.2 ± 7.6 

10.7 ± 0,4 

43.6 ± 1.5 

45.7 ± 2.9 

385 ± 21 

9.3 ± 0-6 

67.6 ± 2.9 

17.8 ± 1,5 

114.4 X 8,0 

156 16 

158 

± 16 

18.2 ± 2.1 

n.i ± 1.2 

C4 

6.7 ± 2.1 

2,8 + 0.3 

17.5 ± 0.7 

17.9 ± 1,4 

150 i 11 

2,5 ± 0.3 

24.2 ± 1.8 

5,6 * 0.5 

13.4 ± 2.0 

59 * 5 

61 

± 5 

7.8 ± 1.1 

4.7 ± 0.7 

ES 

23.3 ± 23 

3.8 ± 0.4 

23.2 ± 1.9 

39.0 1 1,9 

286 ± 23 

2.7 * 0.2 

2S.7 ± 2.6 

17.8 ± 1.5 

58.5 ± 6,8 

184 ± 18 

186 

± 18 

19.8 ± 2.8 

11,9 r 1.7 

£6 

3.4 ± 0.7 

I.S ± 0.2 

i 1.0 ± 0.9 

I2.S ± 1.4 

130 ± 12 

1.4.!: 0,1 

13,9- i.6 

4.4 i 0.5 

6.8 ± 0,8 

67 = R 

69 

X 8 

5.9 X 0.7 

3.7 + 0.4 

t7 

52.1 ± 5.2 

11.3 ± U.7 

44.1 ± 2.1 

48.5 -t 2.8 

475 ± 34 

10.2 + 0.7 

66.G± 2.6 

I6,2± 1.8 

132.5 ± 4.5 

177 = 11 

182 

± II 

15.7 ± 2.0 

9.9 ± 1.6 

Eft 

10,8 ± 1,2 

3,6 ± 0.4 

15.1 ± 1.3 

23.9 ± 0.8 

195 ± 10 

1.9 ±0.3 

20.5 ± 1.4 

12,7 ± 1.1 

28.7 X 2.9 

161 ± 14 

162 

± 14 

14.8 X 1.2 

9.4 _ 0.5 

ED 

24.8 i 4.8 

7.0 + 0.3 

34.7 i J.3 

.14.6 ± 1.4 

271 X 11 

5.9 ± 0.6 

52,j ± 2.4 

1! .5 + 1.7 

58.3 + 4,5 

115+15 

H7 

± 16 

IJ.S + 2,1 

S.6 .+ 1.2 

ElO 

35.2 i 4.5 

9.8 - 0.3 

37.7 1.2 

43.8 ± 2.1 

414 TT 20 

7.7 - 0.4 

58.0 4.1 

19.7 ± 1.9 

112.8 5,8 

148 ± 11 

151 

+ 12 

20.4 ±76 

12.1 X 1.2 

Ell 

24.1 = 5.9 

5.9 ± 0.4 

26.6 ± 1.8 

36.4 ± 0.7 

313 ± 17 

3.4 i 0.4 

37.2 = 3.2 

22 2 = 0.9 

99.5 ± 7,1 

231 = 26 

239 

* 26 

21.4 * 2.3 

13.4 * 1.7 

E12 

31.2 ± 6.3 

4.9 ± 0.3 

35.0 ± 2.8 

35.4 ± 3.0 

276 ± 18 

5.0 ± 0..1 

49.5-6.1 

!0.a±0.7 

73.2 ± -5,3 

5S ± 10 

60 

± 10 

10.7 * 2.2 

6.5 = 1.0 

E13 

1,6 ± 0,6 

NQ ± NO 

6,3 ± 0 5 

6 4 ± 0.1 

74 ± 3 

NQ± NQ 

NQ ± NQ 

3,2 ±0.3 

3.4 ± 0,5 

31 ± 3 

32 

* 3 

3.2 ± 0.5 

2.2 ± 0.1 

E14 

22.1 ± 0.7 

3.7 4 0.3 

25.9 ± l.l 

30.8 ± 1.6 

270 i 16 

3-4 ± 0.3 

35,6 J- 3.0 

9.3 -i-0.6 

45.6 * 4,4 

78 * 16 

81 

± 15 

10.7 ± 0.8 

6.9 ± 0.7 

B15 

3-5 ± 1.0 

1.7 ± O.l 

16.0 ± 1.5 

I6-! 4 1.6 

164 ± 8 

1.3 i 0.2 

21.5 ± 3.2 

6.3 ±0.5 

15.4 = 1,7 

HI = 11 

HJ 

+ 14 

H.9 ± 1.7 

5.6 X 0.8 

E16 

29.9 ± 6.7 

5.3 * 0,3 

26.2 ± 1.9 

37,7 = 1.4 

330 ± 15 

2.7 ± 0.4 

35.0 ± 4.2 

22.2+ 1.3 

106.5 + 8.0 

223 ± 16 

231 

± 15 

21.5 + 2,2 

13.5 ± 1.6 

EI7 

33.0 8.5 

10.0 ± 0,8 

45.2 i 3.1 

50.3 ± 3.1 

484 X 31 

8.8 X 0.7 

68.8 X 5.5 

25.9 ± 0.6 

194.4 ± 12.7 

242 ± 14 

254 

± 15 

22.5 X 4.1 

13.8 ± 2.1 

E18 

36.6 * S.S 

8.7 ± 0.7 

43.8 ± 3.4 

45.9 ± 1.2 

411 ± 17 

7.3 X 0.5 

66,0 X 5.6 

21.7 ±0.7 

120.2 ± 12.9 

153 ± 14 

159 

± 14 

22.4 ± .1.8 

13-3 X 1.0 

E19 

13.5 ± 3.0 

4.8 J. 0.6 

30.2 ± 1.5 

31.9 ± 1.8 

299 ± 17 

3.7 ± 0.4 

41.2 4. 4.9 

10.41 0.2 

51.0 1 2.9 

87 ± 9 

90 

± 10 

14.9 + 2,2 

8.9 * 1.6 

E20 

41.7 ± 5.3 

8.2 4 0.6 

31,8 ± 2.2 

35.2 t 2.9 

281 ± 15 

9.4 ± 0,8 

47.0 X 3.6 

12.7 + 1.2 

107.1 ± 6.7 

SI ± n 

85 

= 11 

13.7 ± 2,4 

8.5 ± 0.8 

E2I 

2.2 ± 0.3 

NQ 4 NQ 

61 *. 0.5 

6.0 ± 0.4 

70 * 3 

0.9 + 0.4 

NQ * NQ 

3.1 ±0.3 

4.3 * 1.0 

28 ± 5 

29 

- 5 

5.4 ± 0,8 

3.4 ± 0.5 

E22 

24.3 ± 4.8 

8.3 ± 0.5 

37.6 = 2.2 

36.8 + 2.4 

313 ± 21 

S.7 ± 0.5 

55.2 ± 3.3 

12.9* 1.3 

99.5 * 7.1 

lOI * 9 

104 

X iO 

1.5.2 ± 2,9 

10.2 1 i.7 

E23 

18.9 ± 2.0 

3.6 ± 0.2 

17.6 0.6 

25.0 ± 0.9 

182 ± 8 

7.7= 1.1 

24.2 X 1.6 

11.7 ± 1.1 

42.7 ± 3.9 

55 ± 3 

57 

± 3 

16.6 ± 3,6 

to.u ± 1.5 

E24 

S.5 -t* 1.3 

4.4 ± 0.3 

23.0 - 1.2 

23.0 ± L4 

233 ± 10 

4.0 ± 0.5 

30.7 ± 3.3 

S.8 ± 0.9 

51.4 ± 5.8 

115 ± 17 

119 

X 19 

14.4 X 2,3 

9.3 + l.Q 

n25 

4/.8 7.9 

0.5 ± 0.5 

40.0 ± 2.6 

38-5 ± 1.5 

.107 X JO 

M .6 X 0.5 

62.8 X 5.3 

17.2 X l.O 

126.0 ± 9-7 

fi6 ± 7 

89 

± 7 

16.S X 2,0 

30.7 X h4 

E26 

9.7 1.6 

5.4 ± 0,2 

28.2 ± 1.2 

28.2 ± 1.6 

270 ± n 

3.7 ± Q.7 

37.5 ± 2.0 

10.9 ± 0.6 

64.2 ± 3.2 

137 ± 8 

142 

+ 8 

16.0 + 3.3 

L0.5 + 1.4 

E27 

0.0 ± 0.9 

2.3 ± 0.3 

15.4 ± 1.3 

14.9 ± 0.9 

136 J- 8 

2.1 ±0.3 

19.1 X 2.2 

5.3 +. 0.6 

15.2 * 1.8 

38 * 5 

39 

± 5 

8.9 ± 1.2 

5.8 * 0.9 

E21I 

28.1 ± 2,4 

11.7 ± 1.2 

44.1 i 4.5 

43.9 J. 2.2 

403 ± 30 

ll,6i 1.2 

66,8 ± 7.9 

29.{)± 1.1 

185.5 ± 9.1 

216 ± 23 

226 

= 24 

27.0 ±3,2 

17.2 ± 0.9 

E29 

26.2 ± 0.8 

10,5 ^ 0.7 

42.3 ± 2.4 

43.3 ^ 2.8 

439 ± 20 

9.4 ± 0.8 

63.1 = 4.3 

23.3 ± 0,6 

166.7 ± 11.2 

191 + 26 

201 

± 27 

23.4 := 3.4 

15.2 ± 2.2 

E30 

29.4 ± 2,0 

6.1 = 0.4 

24.5 ± 1.4 

36.1 ± 1.3 

278 = n 

4.3 ± 0.6 

34.2 = 2.8 

10.8 ±0.7 

77.5 * 8.6 

no ± 16 

179 

± 20 

23.8 ± 3.0 

15.3 * 1.4 

Ii3l 

3.5 = 0.6 

1.3 ± 0.1 

11.2 -L 0.6 

11.3 ± 0.7 

94 X 7 

1.7 ± 0,5 

14.5 X 1.6 

NQ +. NQ 

5.8 + 0./ 

13 ± 2 

13 

X 3 

4.4 X 0,7 

2.9 X 0.4 

E32 

21,2 ± 2.5 

6,5 ± 0.3 

29.7 ± 1.3 

33.2 ± 0.5 

272 ± 8 

4.6 X 0.7 

44.7 ± 2.3 

12.0 ± 0.4 

62,1 ± .5.0 

91 ± 11 

96 

± 12 

14.8 = l.l 

lO.l ± 0.4 


6.2 -1- 1.1 

2.6 4 0.2 

16.7 ± 0-9 

17.2 * 0.5 

156 i 5 

2.5 ± 0,4 

22,7 ± 2.9 

6.3 ±0.2 

16.2 ± 1.6 

60+11 

62 

± 12 

11.2 X 0,7 

7,8 X 0.4 

E34 

33,2 + 2.5 

9.9 4 0.5 

37.6 i- 2.1 

42.9 2.9 

357 ^ lO 

9.6 + 0.8 

58.0 ± 4.0 

16.8 + 0.9 

130.0 ± 10,5 

118 19 

171 

+ 10 

16-9 + 1 4 

108+ in 

E35 

20.7 ± 1.1 

6.9 ± 0.4 

33.0 ± 1.6 

34.4 ± 1.0 

284-* 6 

6,2 + 0.6 

50.5 ± 2.8 

13.9*0.9 

90.4 ± 8.2 

123 ± 12 

130 

* 13 

16.7 = 1.4 

11.8 * 1.0 

E36 

9.1 ± 1.4 

3.7 i 0-4 

19.7 ± 1.0 

21.2 i 1.2 

199 ± 12 

2 ,9 ± 0.4 

28.5 ± 2.0 

10.2 = 0.9 

35.3 * 5.8 

111 * 15 

U4 

X 15 

14.0 ± 17 

9.6 ± 1.2 

£37 

5.5 ± 0.6 

2.2 ± 0.1 

14.7 4 0.6 

16.1 ± 0.9 

150 ± 6 

2,1 ± 0.5 

19.4 ± 0,7 

5.3 *0.5 

13.6 * 1.1 

42 ± 3 

44 

+ 3 

9.1 ± 0,5 

6.3 ± 0.3 

E3S 

33.5 ± 4.6 

10.5 4 U.4 

38,5 ± 1.5 

43.2 ± 1.9 

412 ± 15 

9.9 ± 0.9 

61.8 i 2.4 

20.4 ±0.9 

151.1 ± 11,5 

179 ± 16 

188 

* 18 

25.8 X 3.9 

16.7 ± 1.5 

E39 

14.1 ± 2.1 

2.4 4 0.2 

12.8 -L 0.9 

2U.7 ± 1.0 

132 i 7 

1,9 ±0.5 

!&.] 1 1.3 

8.9+ 0.4 

23.7 +3.1 

87 + 16 

90 

± 17 

11.7 = 1,2 

7.5 + l.l 

VI 

19.0 ± 3.5 

7.4 ± 0,6 

30.7 ± 1.9 

35.0 ± 2.1 

291 ± 19 

5.9 ± 0.6 

47.8 ± 3.6 

14.0 = l.O 

68.3 ± 3,7 

106 ± 10 

113 

X 10 

13.6 ± 1,1 

9.8 ± 1.1 

V2 

40.6 ±6.7 

IM J. O.fl 

44.4 ± 2.8 

54.1 ± 5,6 

466 1 43 

10,4 X 1.4 

67.5 X 3.3 

12.4 ± 1.2 

134.8 X 11.7 

JIfi ± 14 

126 

+ 13 

IS.l X 3.2 

9.8 X 3.3 

V3 

17.3 ± 1.9 

5.5 4 0.2 

25.4 = 1.5 

29.3 ± 2.6 

244 ± 21 

4.6 =t 0,7 

3Jt.2 7= 3.5 

9.7 ± 1.4 

52.8 TT 5.5 

62 * 7 

67 

+ 7 

12.6 = 2.0 

7.5 ± 1.0 

V4 

8.0 ± 2.0 

3.2 ± 0.3 

17.0 ± 1.1 

19.4 ± 0.9 

179 ± 11 

2.9 ± 0.6 

25.0 ± 2.0 

7.3 ± 0.7 

23.3 ± 2.8 

53 ± 6 

56 

± 6 

11.0 ± 0.6 

6.9 ± 0.4 

V5 

4.0 ± 0.5 

2.8 ± 0.1 

11.9 ± 0,6 

13.5 ± 0 5 

134 ± 5 

1.9 ±0.4 

17.7 X 1.1 

II- 

19.4 ± 1.9 

45 4 S 

48 

* 8 

4.3 ± 0.7 

2.7 X 0.4 

V6 

18.2 J- 1.5 

9.7 ± 0,5 

39,7 ± 2,0 

42.3 ± 2,6 

383 ± 22 

0.5 ± 0.9 

60.0 ± 2.6 

16.9± 1.3 

112.8 ± 7.1 

190 = 14 

202 

± 16 

21,5 ± 4,3 

13.6 ± 2.0 

V7 

41.2 ± 5.4 

6.3 4 0.5 

30-8 i 2,2 

38.7 4 2,3 

297 ± 17 

7.3 = 0.7 

43.8 ± 3.4 

7.5 ±0.4 

65.4 = 7.4 

47 ± 5 

51 

* 5 

10.6 ^ 1,5 

5.6 ± 0.6 

VS 

34.8 ± 5.9 

1 L.3 ± 0.6 

43,1 =. U,7 

5l.b ± 2,4 

448 X 2b 

10,6 ± 0.8 

64.4 = 2.3 

18.9 ±0.9 

13 V. 1 ± 12.9 

149 ± 13 

160 

± 16 

20.7 ± 2,0 

M.8 ± 1.4 

V9 

32.4 = 4.6 

10.5 ^ 0.7 

39.6 4 1.7 

47.4 ± 1.9 

364 r 17 

n.i ± 0.5 

63.6 ± 3.6 

15.6 ±0.6 

127 8 ± 10.7 

119 ± 10 

125 

± 12 

18.2 X 2.5 

10.4 + 1.4 

B1 

26.4 ± 7.3 

fi.3 ± 0.8 

40..5 .L 2,6 

42,8 X 3.3 

397 i. 19 

7.1 X 0.2 

65.2 X 5.0 

13.4 ±0.5 

110.2 ± i0,5 

317 = 21 

33! 

X 22 

20.0 - 4,5 

11.9 X 2.3 

R2 

19.3 i 1.8 

9.2 + 0.5 

37.3 + 3,1 

39.0 + 2,3 

342 + 27 

7.7 ± 0.3 

61.2+5.4 

14.1 1 1.0 

121,3 10.8 

281 + 25 

296 

^ 25 

18.4 - 1.4 

11.7 + 0.5 


Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 
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Appen dix A (continued) 


Bi-and 
code (J) 

3-Aminobi- 

f>hcr?yl 

(ng/cig) 

4-Amiiiobi- 

pheny] 

{ng/cig) 

Benzo- 

jij}pyrcntf 

(ng/'clg) 

Catechol 

m & 

p-CrcsoJs 
(jig/cig) (5> 

n-Crcsol 

(Hg/cig)(5) 

Hydroqui- 

none 

Phenol 

Wcig)<3) 

ResOTCinol 
(fig'cig) (5) 

Pyridine 
(|ig/cig) (5) 

Quinoline 

NNN 

ins/Cig) 

El 

2,69 - 0,28 

2.12 ± 0.28 

10.46 ± 1.12 

55.6 ± 2.2 

11.6 X 0.6 

4,34 ± 0.22 

67.2 ± 2.1 

16.8 X 12 

1.14 X O.ll 

13.1 40.7 

0.38 ± 0.03 

78.2 ± 7.4 

£2 

1.97 ±0.34 

f,63 4 0,24 

6.00 ± 0,71 

.30.2 ± 1.9 

5,0 X 0.2 

I J6 ± 0.20 

2S.S ± 2.3 

d.O ± o.s 

0.56 +0.10 

5 5 ±04 

0 IS X 0.01 

89.2 ± 2.7 

E3 

2.59 + 0.21 

2.08 ± 0.25 

11.05 ± 1.01 

50.0 ± 2.1 

10,0 X 0.6 

3.49 ± 0,38 

54.1 ± 2-S 

150 ± l.R 

0.88 ±0.10 

12,5 = 0.8 

0.34 ± 0.02 

189.4 ± 9.8 

H4 

1.18 ±0.11 

0.97 ± 0.05 

3.32 ± 0.33 

16.9 ± 1.1 

2,0 ± 0.2 

0.75 ± 0.11 

18.3 ± 1.2 

2 0 ± 0.6 

NQ X NQ 

2.6 ±0.6 

0.09 ± 0.01 

30.7 ± 2.7 

E5 

2.78 ± 0.34 

2.12 ±0.20 

S.47 ± 0.92 

44.5 ± 2-1 

6.8 X 0.2 

2.2i ± 0.11 

45,9 ± 0.8 

8,4 ± 0,5 

1,04 ± 0.13 

3,0 ±0.3 

0.25 ± 0.0 J 

147.5 ± JO.S 

E6 

0.S7 ± 0.07 

0,74 + 0.06 

1.56 + 0.22 

6.6 ± 0.6 

0.6 ± 0.1 

NQ ± NQ 

6,9 ± 0.8 

NQ ± NQ 

BDL ± BDL 

1.2 ±0.2 

0.04 ± 0.00 

46.8 ± 8.2 

E7 

2.38 ± O.IS 

1.85 ± 0.16 

9.74 ± 1.04 

48.2 ± 3.6 

10,7 ± 0.4 

3,85 ± 0.19 

49.5 ± 2.5 

15.0 ± 14 

1.04 ± 0.22 

17.3 ±0.9 

0,42 ± 0.03 

99.6 ± 6.8 

E8 

2.f8 ± 0.)5 

J.70 ± O.J5 

5.34 ± 0.55 

27.0 ± I.J 

4.5 ± 0.3 

1.5( ± O.ll 

25.5 ± 1.2 

5.8 ± 0,6 

NQ ± NQ 

2,4 ±0.4 

0-17 X O.OJ 

85.8 ± 8.1 

E9 

2,10 ± 0.23 

1.69 ± 0.13 

7.41 ± 0.79 

36,4 ± 2.4 

6.0 ± 0.6 

2.09 = 0.21 

43.0 X 2.7 

8.1 X 1,0 

0,74 X 0.05 

6,9 ± 1.0 

0.22 + 0.02 

S8.5 ± 5.0 

ElO 

1.71 ±0.16 

2.09 ± 0.05 

8.91 ^ 0.95 

50.8 ± 3-8 

12.1 ± 0.4 

4.29 ± 0.29 

57.2 ± 2.4 

17.7 * 2.0 

1.12 ± 0.12 

13.1 =0.9 

0.46 ± 0.04 

lOO.L ± 8.!i 

Eli 

3.26 ± 0.40 

2.51 ± n.33 

10.7.5 7 0.99 

56 .3 ± 1.7 

I2.S ± f>..3 

4.59 ±0.14 

50.0 X i .3 

19.6 ± 1.4 

I.ID ± 0,09 

5..3X0.7 

0.38 ± 0.03 

161.2 ± 4 1 

E12 

1.71 ±0.20 

1.26 ± 0.13 

8.92 ± 1.36 

60 1 ±4.5 

7.4 ± 0,4 

2.92 ± 0,24 

58,6 ± 3.8 

11.6 = 0,9 

0.82 ± 0.15 

5,1 ±0.5 

0.22 ± 0.02 

14.8 ± 1.4 

E13 

0.62 ± 0.07 

0.56 ± 0.0S 

2.54 ± 0.26 

5,1 ±0.2 

NQ = NO 

NO ± NO 

4.8 ± 0..^ 

BDl. ± BDL 

BDL ± BDL 

NQ = NQ 

BDL ± BDL 

43.0 ± 3.3 

E14 

1.7S =0.18 

1.42 ± 0.11 

5.89 ± 0.79 

32,2 ± 1,3 

4,8 = 0.5 

1.81 = 0.18 

34.3 ± 2.0 

5.9 ± I.O 

0,.59 ±0.11 

3.9 ±0.4 

0.16 ± 0.02 

4S.0 ± 4.1 

E15 

1.34 ±0.06 

1.01 ± 0.13 

3.55 ± 0.38 

11.7 ± 0.9 

1.2 ± 0.1 

0.36 ± 0.02 

10.8 = 0.7 

NQ = NQ 

NQ = NQ 

1,1 ±0.2 

U.03 ± O.UU 

46.6 ± 5.S 

Elti 

3.27 ± 0.25 

2.62 ± 0.26 

n.24 ±2.15 

53.5 ± J.8 

9.0 ± 0.7 

3.17 ± 0.28 

48.2 2.5 

12.9 ±1.1 

0.79 ± O.OS 

3,9 ±0.6 

0.30 ± 0.02 

170.S ± 11.0 

EI7 

3.20 ±0.37 

2.40 ± 0.31 

] 1.93 ± 1.03 

54.7 ± 1.5 

) 1.’ ± 0.5 

4.07 ± 0,26 

50.4 ±1.9 

16.9 X O.R 

0.99 X 0.08 

13.1 X 1.1 

0.39 ± 0.C3 

157.0 ± 24.0 

ELS 

3.20 ± 0.13 

2.47 ± 0.12 

11.59 ± 2.17 

57.« ± 2,9 

10.2 ± 0.6 

3.96 ± 0.30 

59.4 ± 3.4 

15.1 ± 1.7 

1,15 ± 0.11 

9.4 ±0.6 

0.34 i 0.03 

126.0 ± 6.6 

Ffi 

2M ± 0.2R 

\ 61 ± 0.23 

7 12 ± 0 69 

40 1 ± 1.5 

5.8 ± 0.2 

2.22 ± 0.12 

41 1 ± 1.6 

8 4 = 0.5 

0 94 ± 0.06 

44 ±0.6 

0.19 ± 0.01 

57.1 ± 3.6 

C20 

2.17 ±0.15 

1.73 .+ 0.12 

8.00 ± 0.38 

42.6 ± 3,9 

8.8 ± 0.6 

3.47 ± 0.38 

56,6 ± 5.0 

13.5 ± 1.5 

0 74 ± 0.11 

13.2x1.0 

0.33 ± 0.04 

48,1 ± 3.9 

E2t 

0.83 ± 0.06 

0.72 ± 0.09 

2 00 ±0,05 

5.2 ± 0.4 

NO J. NO 

NQ ± NQ 

5.8 ± 0.5 

BDL ± BDL 

BDL ± BDL 

0.9 ± 0.5 

NQ X NQ 

42.S ± 4.7 

R22 

2.62 ± 0.22 

2.07 ±0,13 

8,27 ± 0,6.5 

47.7 = 4,3 

9.4 ± 0,6 

3.88 ± 0 34 

49.8 X 5.2 

15.0 ± 1.9 

0,68 ± 0.17 

104 ±0.9 

0.39 ± 0.03 

52.4 ± 5.4 

n23 

2.23 ±0,21 

1,67 ± 0.10 

7,02 ± 0.80 

46.4 ± 1.4 

10.2 ± 0.9 

3.78 + 0.31 

52.0 ± 1.2 

14.2 ± 1.0 

0,90 = 0.06 

3.2 ± l.I 

0.31 ± 0.04 

47.2 ± 3.6 

E24 

2.23 ± 0.20 

1.79 ± 0.14 

4,30 ± 0.48 

31.3 ± 2.4 

3.7 X 0.4 

1.47 ± 0.21 

20.7 ± 1.8 

4.7 ± 0.5 

NQ ± NQ 

4.8 ±0.5 

0.16 ± 0.02 

103,5 ± 4.0 

E25 

2.73 :i- 0.29 

2.04 ± 0.25 

12,43 ± 1.28 

54.7 ± 3.4 

12.6 ± 0.5 

4.98 - 0.45 

64.2 X 5.6 

19.7 X 3,0 

1.12 X 0.16 

15.3 ±0.8 

0.43 ± 0.03 

54.9 ± 4.5 

E26 

2.24 ± 0,32 

1.81 ± 0,16 

5,10 ± 0,6S 

24.0 ± 1.8 

4.1 ± 0.2 

1.-19 ± 0.22 

23.9 ± 21 

4.4 ± 0.6 

0,77 ± 0.08 

3,6 ± I.l 

0.14 ± 0.02 

95.1 ± 4.6 

E27 

1.40 ±0.13 

1.15 ± 0.14 

3.12 = 0.40 

16.R ± 2.2 

1.9 ±0.2 

0.67 ±0.52 

17.6 ± 2.3 

KQ ± NQ 

NQ ± NQ 

2.0 ±0.3 

0.10 ± 0.01 

30.0 ± 2.1 

F28 

4.18 ± 0.32 

3.31 ± 0.29 

13,93 = 1.88 

59.7 ± 5.0 

13.1 ±0.5 

4.81 ± 0.40 

72.2 ± S.7 

21.9 ± 2.6 

1.24 ± 0 10 

16,9 ±1.7 

0.55 ± 0.06 

195.3 ± 12.0 

E29 

3.29 + 0,52 

2.59 = 0.36 

9.50 = 1.10 

47.4 ± 4.4 

10.5 ± 1.0 

3.70 ± 0.53 

47.3 ±4.3 

13.9 ± 15 

0.96 ± 0.18 

13 ,0 ± 1.4 

0.37 ± 0.03 

151.8 ± 9.4 

E30 

3 51 ±0.35 

2.68 ± 0.21 

0.4.5 X 0.84 

53.1 ±2.6 

11.4 ± 0.3 

4 17 ± 0,20 

47.5 - 2.2 

16.3 + 0.8 

0.95 ± 0.12 

6.0 ±0.8 

0,39 = 0,06 

145,9 X 7.3 

E31 

0,64 =0.12 

0.51 ±0,09 

1.50 ± 0,12 

10.3 ±0.9 

1.0 = 0.1 

0.42 ± 0.07 

10.4 ±0.7 

XQ ± NQ 

NQ ± NQ 

1.2 ±0.5 

0.03 ± 0.01 

5.0 ± 1.4 

E32 

2.41 ±O.L4 

1.84 ±0.11 

6.21 ± 0.58 

32.9 X 3.0 

5.8 ± 0.4 

2.17 ± 0.21 

36.8 ± 2.4 

7.7 ± 0.6 

0.59 ± 0.12 

5,1 ±0.7 

0.20 X 0.03 

66.5 ± 5-4 

D33 

1.76 ±0.16 

1.45 ± 0.12 

, 3.11 L 0.33 

18.4 X 0.8 

2.5 .1 0.2 

0.89 X 0.05 

17.8 ±0.7 

2,8 ± 0.3 

NQ ± NQ 

2.2 ±0.4 

0.09 = O.OL 

72.1 ± 6.7 

E34 

2.63 ±0.15 

2.06 ± 0,10 

8.44 ± 0.76 

47.2 X 2.1 

8.9 ±04 

3.37 ± 0.23 

52.3 ±2.6 

13.4 ± 0.7 

0.84 ± 0.06 

12 4 ±0.9 

0.34 + 0.02 

66.8 + 3.1 


2 64 ±0.21 

2.14 ± 0 IS 

7 46 ± 0 66 

41.1 ± 1.9 

S 3 ± 0 6 

3 IS ± 032 

42.1 ± 2 1 

11.3 ± 0.8 

0.90 X 0.09 

7.5 ±0.6 

0.26 ± 0.02 

70.9 ± 6.7 

E36 

2.10 i 0.20 

1.65 ± 0.20 

4.2R ± 0.42 

20.2 ± 0.3 

3.4 ± 0.2 

1.28 ±0.12 

18.5 ±0.4 

3.9 ± 0.4 

NQ + NQ 

2.8 ±0.6 

0.10 = 0.01 

78.6 ± 10.6 

E37 

1.40 ±0.16 

1.20 ± 0.06 

2.35 ± 0.27 

16.2 ± 0.6 

1.9 ± 0.1 

0.63 ± 0.04 

16.1 ±0.6 

2.2 ± 0.1 

NQ ± NQ 

2.2 ±0.5 

0.07 ± 0.01 

33.5 ± 3.1 

E3S 

3.73 ± 0.3S 

2.86 ± 0.24 

13.39 ± 1.07 

62.2 ± 4.8 

13.4 ±0.9 

4.89 ± 0.41 

68.0 = 3.1 

22.4 ± 0.9 

1.14 + 0,06 

13,2 ±2.2 

0.46 ± 0.09 

125.4 ± 5.7 

B39 

1.85 ± 0.16 

1.44 ± 0,18 

5.20 ± 0.47 

30.1 =0.8 

4.9 ± 0.4 

1.80 ± 0.19 

27.5 ± 0.7 

5.9 ± 0.6 

NQ d NQ 

1.9 ±0.4 

0,14 = U.04 

63.4 ± 6.2 

VL 

2.52 ± 0.20 

1.98 ± 0.15 

7.22 ± 0.47 

33.2 ± 2.5 

5.9 ± 0.5 

2.30 ± 0.22 

34.9 ±2.4 

8.7 ± 0.8 

0.69 ± 0.06 

7.6 ±0.8 

0.26 ± 0.03 

142.3 ± 5.3 

V2 

2.40 ± 0.14 

1.82 ± 0.11 

12.76 ± 1.29 

73.4 ± 3.0 

13.3 X 0.8 

5.75 ± 0.47 

75.1 ±3.2 

23.7 ± 2.5 

0.69 X 0.07 

12,7 x2.0 

0.56 X 0.03 

26.6 X 2.5 

V3 

1.83 ± 0.21 

1,51 ± 0.10 

5.60 ± 0.49 

25,9 ± 1.6 

3.6 ± 0.3 

1.29 X 0.07 

31.5 ± 3.1 

5,2 ± 0.4 

0.63 ± 0,03 

5.2 ±0.8 

0.19 ± 0.02 

41.1 ± 6.7 

V4 

1.67 ± 0 04 

1 35 ± 0 07 

4 31. ±0 42 

194 ± 1 5 

2 7 ± 0.2 

0.99 ± 0X16 

19 6 ± 1.2 

3 6 ± 0.3 

0.55 ± 0.09 

3.3 ±0.8 

0.14 ± 0.01 

62.7 ± 5.9 

V5 

0.63 ± 0.08 

0.54 ± O.IM 

1.02 =0.11 

6.1 =0,7 

1.1 ± 0.1 

0.40 ± 0,03 

5,5 ± 0,6 

NQ X NQ 

NQ ± NQ 

2.0 ±0.4 

0.07 ± 0.0 [ 

38.0 ± 6.6 

V6 

2.97 X 0.23 

2,20 = 0.06 

9-2S ± C..50 

34.1 ± 1.5 

4.7 ± 0.2 

1,64 = 0,15 

34.2 ± 2.2 

6.5 = 0.5 

0.82 ± 0,03 

7.4 ±1.0 

0,24 ± 0.03 

125.9 ± 12.7 

V7 

L.S6 ± 0.16 

1,20 ± 0.09 

7.13 ± 0.83 

33.8 ± 3.5 

5.4 ± 0.5 

2.3! = 0.23 

39.2 X 2.7 

8.7 ± 0.6 

0,71 ± 0,07 

7.1 ± 1.0 

0.25 = 0.01 

17,0 ± 2.5 

V8 

3.16 ± Q.20 

2,43 ± 0.15 

9.6? ± 0.56 

43.1 ±2.2 

9.1 ± 0.5 

3.54 ± 0,34 

43.9 ± 3.0 

14.8 ± 1.5 

l.Ll ± 0.04 

16.2 ± 1.9 

0.50 ± 0.03 

116.7 ± 5.4 

w 

2.79 ± 0.24 

2.13 ±0.11 

12.37 ± I.Ol 

44.3 ± 2.6 

8.9 ± 0.6 

3.61 ± 0.2S 

55.4 X 4.4 

15.0 X 0.9 

1.09 ± 0 0.3 

15.0 ±0.4 

0 48 ± 0.02 

d3.5 ± 6.0 

K1 

2.97 ± 0.45 

2 30 ±0.36 

7.33 ± 1.39 

40.9 ± 2.0 

8.4 ± 0.4 

3.50 ± 0.29 

39.2 X 1.9 

11.3 0.5 

0.86 X 0.08 

8.0 ±0.4 

0.28 - 0.02 

106.3 X 4.1 

R3 

3.08 ± 0.20 

2.33 ±0.17 

6.74 ± 0.70 

34.3 ± 0.8 

7.0 ± 0,4 

3.88 = 0.15 

37.9 ± 2.3 

9.7 ± 0.8 

0.81 ± 0.03 

8.5 ±0.6 

0.30 X 0.02 

109,5 X 13.4 


Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 
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Appendix A (coijtinued) 


Bmnd 

NNK 

NAT 

NAB 

Mercury 

Cadmium 

Lead 

Chromium 

Nickel 

Arsenic 

Selenium 

pH 

(IckIc (1) 

(ng/cig) (5) 

(ng/cig) 

(ng'clg) (5) 

(ng/cig) (5) 

(ng/dg) 

(ng/cig) (5) 

(ng/clg) (5) 

(ttg,V.ig) (5) 

(ngV-ig) (5) 

(ng'c.ig) (5) 


FJ 

52,0 = .5.3 

71,0 ± 5,7 

10.8 ± 1.8 

3,2 ±0.8 

46.9 ± 3.6 

23.4 ± 1.2 

NQ +NQ 

BDL ± DDL 

NO ±N0 

BDL X BDL 

6.16 ± 0.04 

Ii2 

41,4 = 1.4 

77.4 ± 4 5 

10.0 ± 1.5 

2,7 ± 0.4 

,34.0 + 2.0 

NQ ± NQ 

NQ ± NQ 

BDL ± BDL 

NQ ± NQ 

BDL ± BDL 

6.19 ± 0.05 

E3 

103.9 ±4.4 

160.4 i. S.S 

18.6 = 3.4 

3,1 X O.t 

50.9 ± 3.4 

20,1 ± 1.4 

BDL ±BDL 

BDL X BDL 

NQ ± NQ 

BDL X BDL 

6.17 ±0.05 

b4 

20.4 =3.9 

30.1 ± 1.5 

5.2 = 1.0 

1.6 ± 0.3 

11.4 + 0.8 

NQ ±NQ 

NQ ± NQ 

BDL ± BDL 

BDL ± BDL 

BDL ± BDL 

6.24 X 0.05 

E5 

75.0 ± 3.5 

129.2 + 9.0 

if?.5 ± 2.i 

2.3 ±0.3 

17.2 - 1.2 

21.1 X 1.2 

iVQ ± KQ 

BDL ± BDL 

NQ X NQ 

BDL + BDL 

6 17 ±0.06 

E6 

21.5 ±2.1 

44,2 ± 6,8 

7.6 1 1.4 

NO ± NO 

4 0 ± 0.4 

BDL i BDL 

NO ± NO 

BDL ± BDL 

BDL ± BDL 

BDL ± BDL 

6.24 ± 0.02 

r,7 

79.5 ± 6.5 

106 9 ± 2 1 

14.5 ± 2.5 

2.9 ± 0.4 

31.3 ± 2,4 

23.3 ± 2.2 

BDL + BDL 

BDL ± BDL 

NO ±NQ 

BDL ± BDL 

6.13 ± 0.04 

E8 

59.2 +6.3 

83.8 ± 4.0 

16.7 ± 2.3 

1.7 ±0.3 

12,0 ± 0.9 

NO i NO 

BDL ± BDL 

BDL ± BDL 

NO ± NQ 

BDL ± BDL 

6.17 ±0.04 

09 

37.9 + 6-1 

54.4 ± 6.2 

9.4 ± 1.7 

2.6 + 0.3 

30,8 = 2.6 

15.8 ± 1.7 

BDL ± BDL 

BDL + BDL 

NQ ±NQ 

BDL + BDL 

6.15 ±0.04 

blU 

M.2 ± 4.6 

78,6 ± 7.8 

13.3 ± 1.8 

2.7 ± 0.3 

40,6 ± 3.4 

26.2 ± 1.6 

NQ ± NQ 

BDL ± BDL 

NQ ± NO 

BDL ± BDL 

6.17 ±0.03 

Etl 

96.2 ± 5.9 

142,8 ± 7.2 

24.7 ± 2,4 

2.4 ± 0.4 

27,6 X 1.0 

22.8 X 1.3 

BDL ± BDL 

BDL ± BDL 

NQ ± NQ 

BDL ± BDL 

6.14 ±0.04 

C12 

12,7 J. 4.6 

18 0 ± 2.6 

NO ± NQ 

2.6 ± 0.4 

25,0 ± 14 

NO ± NQ 

BDL ± BDL 

BDL ± BDL 

NQ ± NQ 

BDL ± BDL 

6.09 ±0.03 

EI3 

JS.6 ± 3,1 

40.6 ± 3.4 

7.2 ± J .0 

HDL ± BDL 

2.8 ± 0.1 

BDL ± BDL 

NQ ± NQ 

BDL ± BDL 

BDl. X BDL 

BD(, X EDL 

6.26 ±0.03 

014 

27 0 ± 5 6 

39.9 i 4.0 

6.6 ± 0.9 

2.2 ± 0 3 

22.1 ± 0.9 

NQ ± MQ 

BDl. ± RDI. 

NQ ± N() 

BDL ± BDL 

BDL X BDL 

6.22 ± 0.02 

El5 

29.5 ±3.5 

40.3 ± 6.7 

6.8 ± 1.4 

NO ± NO 

10.2 ± 0.7 

NO +N(9 

BDL ± BDL 

BDL ± BDl 

BDL ± BDL 

BDL ± DDL 

6.17 ±0,04 

El^ 

101.3 ±9 5 

148.2 + 13.8 

26.2 ± 3.4 

2.6 + 0,3 

25.6 ± 1.0 

22,2 ± 2.1 

BDL ± BDL 

BDL ± BDL 

NQ ± NQ 

BDL X BDL 

6.13 ±0.04 

E17 

107.8 ± 17.4 

139.6 ± 19,9 

26.6 ± 3.0 

3.5 ± 0.2 

65.8 ± 4.0 

25.8 ±-1.7 

BDl. ± BDL 

BDL ± BDL 

3,9 ± 1.4 

BDL X BDL 

6.04 ± 0.05 

E18 

78.4 ±8,7 

106.8 ± 7.6 

17,9 ± 3.1 

3.4 ± 0.9 

50.5 ± 2.7 

22.7 X 1.5 

BDL ± BDl. 

BDL ± BDL 

NO ±NQ 

BDL ± BDL 

6.19 ±0.03 

bl9 

36,1 ±53 

52.6 ± 6.3 

9.0 ± 0.5 

2.3 X 0.3 

23.8 ± 1.4 

NQ ±NQ 

DDL ± BDL 

DDL ± BDL 

NQ ± NQ 

BDL ± BDL 

6.19 ± 0.03 

E20 

27.7 ± 4.9 

44.E ± 3.0 

7.2 ± 1.2 

2.7 ± 0.4 

27.4 ± 2,9 

16.8 =4,0 

DDL ± BDL 

BDL ± BDL 

NQ ± NQ 

DDL ± BDL 

6.09 ± 0.04 

E21 

lJi.£> ± 2.7 

3S.6 ± 3.3 

7.2 :h 3.3 

BDL ± BDL 

1.6 ± f).6 

BDI. -^tBDL 

BDL + BDL 

BDL ± BDL 

NQ ± NQ 

BDL X BDL 

6.18 X 0.04 

E22 

37.7 - 2.4 

5n.3 ^ 4 i 

9 6 ± 1.7 

2.8 ± 0.2 

31.0 = 7,6 

18.2 ± 0.7 

BDL ± BDL. 

nni. ± BDl. 

NO XKQ 

RDI. ± Rnt. 

6.12 ± 0.03 

E23 

42.4 7.7 

46.9 ± 3.6 

7,2 ± 1.4 

1.7 ± 0.2 

8.5 ^ 0.8 

NO ± NQ 

BDL ± BDL 

BDL ± BDL 

NO ± N'O 

BDL ± BDL 

6.13 ± 0.05 

E24 

53.9 = 6.6 

91.2 ± 5.0 

16,3 ± 1.6 

2.0 ± 0.2 

24,6 = 1.7 

NIQ ± NQ 

BDL - BDL 

BDl. ± BDL 

NQ ±NQ 

HDL i BDL 

6.23 X 0.06 

L'25 

38.7 - 7.4 

52.4 ± 4.1 

6-0 ± 1.3 

3-3 ± 0.3 

42.1 = 3.(1 

21.1 ±2.8 

BDL ± BDL 

BDL ± BDL 

NQ ± N(? 

BDL ± BDL 

6.08 ± 0.06 

E26 

55.1 =4.7 

88.1 +5.1 

16,0 ± 1.8 

2.1 +0.4 

35.0 ± 4.6 

NQ ±NQ 

BDL = BDL 

BDL ± BDL 

XQ ±NQ 

BDL X BDL 

6.17 ± 0.05 

027 

19.4 = 2.8 

30.7 ± 3.8 

6.3 X 1.1 

NQ ± NQ 

8 ,9 ± 1.2 

NQ ± NQ 

BDL -lBDL 

BDL ± BDL 

SQ ± NQ 

BDL X BDL 

6.22 ± 0.02 

E23 

87.3 -L 8.2 

153.3 X 10.0 

28.5 ± 3.7 

3.6 X 0.2 

68.3 ; 3.2 

31.4 ± 1.6 

ODL = DDL 

DDL X DDL 

NQ X NQ 

DDL X DDL 

6.13 = 0.08 

E29 

106.1 * 6.9 

134.7 ± 4.5 

22,3 ± 3.0 

3.6 ± 0.6 

59.4 X 2.9 

33.7 X 3,7 

BDL = DDL 

BDL ± BDL 

NQ ± NQ 

BDL i BD[. 

6.12 - O.Oi 

E30 

87.1 ±4.4 

136,2 ± 8.7 

15.6 ± 1.7 

2.9 ± 0.3 

31.2 ± 1.4 

23.1 ±2.2 

BDL ± BDL 

BDL ± BDL 

NQ ± NQ 

BDL ± BDL 

6,02 ± 0,03 

E31 

NO ±N0 

8.0 ± 2.5 

NO ± NO 

BDL ± BDL 

4.3 ± 0.3 

NC) ± NO 

BDL ± BDL 

BDL X BDL 

BDl. XBDL 

HDL X BDL 

6.10 ± 0,01 

E32 

44.6 ± 5.3 

59.5 + 4.9 

8.0 ± 1.1 

2.5 ± 0.2 

27.6 ± 2.3 

13.3 ± 3.4 

BDL ± BDL 

BDL = BDL 

NQ ±NQ 

BDL + BDL 

6.10 ± 0.03 

E33 

46.1 ±4.6 

67.2 ± 7.4 

10.1 ± 0.7 

NO ± NO 

11.2 X 0.7 

NQ X NQ 

NO ± NO 

BDL = BDL 

NQ ±NQ 

BDL ± BDL 

6.13 ± 0.02 

E34 

49.7 ± 1.6 

61.2 ± 2.1 

6.9 ± 1.0 

2-9 ± 0.4 

37.3 ± 2.3 

19.9 ± 1.9 

BDL ± BDL 

BDL = BDL 

NQ ±Ng 

BDL ± BDL 

6.01 X 0.02 

E35 

57.7 ± 7.0 

63.4 ± 6.5 

7.6 ± 1.5 

2.S ± 0.3 

39.6 ± 3.0 

17.3 ± 1.6 

BDL ± BDL 

BDL ± BDl. 

NQ ± NQ 

BDL ± BDL 

6.04 X 0.03 

E36 

53.4 ± 8.5 

71.5 1 7.3 

10.8 X 1.5 

1.7 X 0.3 

2.3.3 X 2.1 

NQ X NQ 

DDL X DDL 

DDL .. DDL 

NQ 1 NQ 

DDL X DDL 

6.11 X 0.01 

E37 

26.9 ±4.3 

33.9 ± 3.7 

5.3 ± 0.8 

NQ ± NQ 

8.7 ± 0 7 

NQ ± NQ 

BDL ± BDL 

BDL = BDL 

BDL ± BDl. 

BDL ± BDL 

6,13 ± 0,03 

F38 

74,2 ± 4.3 

84.6 ± 8.9 

14.1 ± 2.3 

3.5 ± 0.5 

43.3 ± 1.5 

27.6 ±2.5 

BDL ± BDL 

BDL ± BDL 

5,5 ± 1.2 

BDL X BDL 

5,99 ± 0.02 

E39 

45,0 ±4.9 

55.7 ± 5.1 

7.8 ± 0,9 

1.5 ± 0.6 

9.3 ± 0.8 

NO ± NO 

BDL ± BDl. 

BDL ± BDl, 

NO ±N0 

BDL ± BDL 

6.08 + 0.04 

VI 

90,1 ± 8.7 

120.0 + 4.3 

15.4 ± 2.4 

2.8 + 0.2 

32.2 ± 3.0 

NO ± NQ 

BDL ± BDL 

BDL ± BDL 

NQ ± NQ 

BDL ± BDL 

6.27 ± 0.07 

V2 

343 1 3.1 

42.7 ± 1.8 

6.6 ± 0.7 

3.7 ± 0.2 

34.2 + 3.2 

16.7 + 5.3 

NQ + NQ 

BDL ± BDL 

NO ±N0 

BDL ± BDL 

6.17 ±0.06 

V3 

23,7 ±4.1 

38.3 ± 4.0 

4,3 ± 0.8 

2.7 ± 0.4 

26.8 ± 2.9 

13,0 ± 3.3 

NO ± NQ 

BDT. ± BDL 

NQ ± N(^ 

BDL i BDL 

G.21 ± 0.05 

V4 

42,2 ±6.2 

58.9 ± 4.9 

7.6 ± 1.2 

2.0 ± 0.1 

13.0 ± 1.8 

NQ ±NQ 

BDL ± BDL 

BDL + BDL 

NQ ± NQ 

BDL X BDL 

6.28 X 0.03 

V3 

19,2 1 3.8 

37.8 1 5.1 

6.4 ± 1.2 

1.7 X 0.2 

5-1 X 0.7 

BDL ± DDL 

DDL ± BDL 

BDL X DDL 

BDL i DDL 

BDL X DDL 

6.27 :i 0.03 

V6 

87,4 ± 10.3 

118.6 ± 9.5 

18.9 + 2.6 

5.7 ± 0.2 

45.6 X 3.6 

13.9 ±4.0 

NQ X NQ 

NQ X NQ 

NQ X NQ 

BDL ± BDL 

6.15 X 0.04 

V7 

3(1.1 ±8.4 

28.6 ± 1.3 

2 9 ± 0,9 

2.7 ± 0.3 

28,0 ±73 

NO ±NO 

BDl. ± BDL 

RDI, = RDI, 

NQ ±NQ 

BDL ± BDT. 

(i 14 ±fl,04 

V8 

47.3 ± 1.2 

97.2 ± 3.0 

13.2 ± 1.3 

4.7 ± 0.4 

lOLO ± !1.6 

2L7 = 1.6 

BDL ± BDL 

BDL ± BDL 

4.3 ± l.D 

BDL ' BDL 

6.20 ± 0.04 

V9 

518 ±6,3 

56.3 ± 3 6 

9.3 ± 1.2 

3-6 ±0.3 

46.4 ± 5.0 

16.9 =2.2 

BDL ± BDL 

BDL X BDL 

NO ±N0 

BDL X BDL 

6,22 ± 0.04 

R1 

75.6 ± 8.5 

117.8 ± 7.6 

25.3 + 3.1 

5.2 = 0.4 

68.7 ± 1.7 

39.2 = 1.9 

BDL + BDL 

BDL = BDL 

4.7 ± 1,3 

BDL ± BDL 

5,92 ± 0.04 

R2 

87.7 ± 12.4 

126.9 ± 11.0 

21.8 ± 2.1 

6.3 ±0.3 

62.2 ± 4.6 

35.6 =2.9 

BDL ± BDL 

BDL ± BDt. 

NQ ± NQ 

BDL ± BDL 

5.97 X 0.10 


(1) E. exploratory brands; V, validation brands; R, reference cigarettes. (2) Brand names arc trademarks of Philip Morris USA Inc., Philip Morris Products S.A., Philip Morris Limited (Australia), Philip Morris CR, A.S., 
Tabaqiicrifl, S.A.. or F6 Cignrenenfabrik Dresden GmbH, Dc. (3) HP. hard pack; SP, soft pnek; F, filter; Lt, lights; ULt, ultra lights; KS. king size; LS, long size; Men, menthol. (4) ARG, Argentina; VEN, Venezuela; JPN, 
.lapan; Evp, Export; Germany; 1 IK, Great Rritiiin: MEX, Mexico; RRA. Brazil. (5) HDI , helow the defeclion limit; NQ, below the limit for quantitation 


Source: https://www.industrydocuments.ucsf.edu/docs/yhlx0001 



